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© Ultra-high-molecular-welght polyolefin composition. 

© The ultra-high-molecular-weight polyolefin compositions of the present invention contain an ultra-high- 
molecular-weight polyolefin. a diluent and a phenolic stabilizer in a specific ratio. The compositions may further 
contain at least one compound selected from the group consisting of an organic phosphite stabilizer, an organic 
thioether stabilizer, a hindered amine stabilizer and a metal salt of a higher fatty acid. 

The compositions are excellent in heat stability during molding as well as in long-term heat stability so that 
they are suitable for use in producing molded articles having molecular orientation, which have high tensile 
strength and high tensile modulus. Among them, the compositions containing the hindered amine stabilizer are 
excellent in weather resistance in particular. 
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ULTRA-HIGH-MOLECULAR-WEIGHT POLYOLEFIN COMPOSITION 



FIELD OF THE INVENTION 



This invention relates to ultra-high-molecular-weight polyolefin compositions suitable for use in obtaining 
molded articles having molecular orientation and more particularly to ultra-high-molecular-weight polyolefin 
compositions which are suitable for use in molding molded articles having molecular orientation and are 
excellent in the thermal stability during molding and in long-term heat stability. 



BACKGROUND OF THE INVENTION 



It is known to obtain molded articles having molecular orientation, high tensile strength and high tensile 

rs modulus by molding ultra-hfgh-molecular-weight polyolefins into fibers, tapes, etc., and then orienting them. 
For example, Japanese Patent Laid-Open Publn. No. 15408/1981 discloses a method wherein a dilute 
solution of uitra-high-moleculr-weight polyethylene is spun into a filament and the resulting filament is 
oriented. Japanese Patent Laid-Open Publn. No. 13031/1984 discloses a method wherein ultra-high- 
molecular-weight polyethylene is melt-kneaded with wax, the kneaded material is extruded and the 

20 extrudate is solidified by cooling and oriented. Further, Japanese Patent Laid-Open Publn. No. 59-187614 
discloses a method wherein the above-described melt-kneaded material is extruded and the extrudate is 
drafted, solidified by cooling and then oriented. 

Accordingly, when the ultra-high-molecular-weight polyolefins are molded to prepare molded articles 
having molecular orientation such as fibers and tapes, it is necessary to carry out an operation comprising 

25 spinning a dilute solution of the ultra-high-moiecular-weight polyolefin into a filament and then orienting the 
filament, or an operation comprising melt-kneading a mixture of the ultra-high-molecuiar-weight polyolefin 
and a diluent such as wax, extruding the melt-kneaded material, solidifying the extrudate by cooling and 
then orienting it However, the ultra-high-molecular-weight polyolefins are so poor in thermal stability during 
molding that they are deteriorated by heating, for example, the dilute solution of the ultra-high-molecular- 

30 weight polyolefins are held at high-temperature for a long period of time or the solutions is extruded through 
extruders kept at elevated temperatures in the above operations. Accordingly, the resulting molecular- 
orientated molded articles are not fully satisfying tensile strength and tensile modulus. 

Further, such ultra-high-molecular-weight "polyolefin compositions have such problems that they are 
poor in heat stability during molding as well as in long-term heat stability and weather resistance. 

35 

OBJECT OF THE INVENTION ■ 



40 The present invention is intended to solve such problems associated with the prior art as mentioned 
above and an object of the invention is to provide ultra-high-molecular-weight polyolefin compositions which 
are suitable for use in obtaining molded articles having molecular orientation and are excellent in heat 
stability during molding as well as in long term heat stability or weather resistance without detriment of 
tensile strength, tensile modulus, etc. inherent in the ultra-high-molecular-weight polyolefins. 

45 

SUMMARY OF THE INVENTION 



so A first ultra-high-molecular-weight polyolefin composition of the present invention comprises: 

3 to 80% by weight of an ultra-high-molecular- weight polyolefin having an intrinisic viscosity h] of 5 to 40 
dl/g as measured in decalin at 1 35°C; 
97 to 20% by weight of a diluent and 

0.005 to 5 parts by weight of a phenol stabilizer based on 100 parts by weight of the total amount of the 
ultra-high-molecular-weight polyolefin and the diluent. 
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A second ultra-high-molecular-weight polyoiefin composition of the present invention comprises: 
3 to 80% by weight of an ultra-high-molecular-weight polyoiefin having an intrinsic viscosity M of 5 to 40 
dl/g as measured in decalin at 135°C: 
97 to 20% by weight of a diluent; 
s 0.005 to 5 parts by weight of a phenol stabilizer based on 100 parts by weight of the combined amount of 
the ultra-high-molecular-weight polyoiefin and the diluent; and 

0 005 to 5 parts by weight, based on 100 parts by weight of the total amount of the ultra-hign-molecular- 
weight polyoiefin and the diluent of at least one compound selected from the group consisting of organic 
phosphite stabilizers, organic thioether stabilizers, hindered amine stabilizers and metal salts of higher fatty 
jo acids. 

A third ultra-high-molecular-weight polyoiefin composition of the present invention comprises: 

3 to 80 % by weight of an ultra-high-molecular-weight polyoiefin having an intrinisic viscosity fo] of 5 to 40 

dl/g as measured in decalin at 135 °C; 

97 to 20 % by weight of a diluent: and 
75 0.005 to 5 parts by weight, based on 100 parts by weight of the total amount of the ultra-h.gh-molecular- 

weight polyoiefin and the diluent, of at least one compound selected from the group consisting of organic 

phosphite stabilizers and hindered amine stabilizers. 

A fourth ultra-high-molecular-weight polyoiefin composition of the present invention comprises: 

3 to 80 % by weight of an ultra-high-moleculr-weight polyoiefin having an intrinisic viscosity M of 5 to 40 
20 dl/g as measured in decalin at 135 °C; 

97 to 20 % by weight of a diluent; and 

0 005 to 5 parts by weight, based on 100 parts by weight of the total amount of the uitra-high-molecular- 
weight polyoiefin and the diluent, of at least one compound selected from the group consisting of an 
organic phosphite stabilizer and a hindered amine stabilizer and 0.005 to 5 parts by weight of metal salts of 
25 higher fatty acids based on 100 parts by weight of the total amount of the ultra-high-molecular-we.ght 
polyoiefin and the diluent. 
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DETAILED DESCRIPTION OF THE WVENTION 

The ultra-high-molecular-material polyoiefin compositions of the present invention will be illustrated in 
more detail below. 

Ultra-high-molecular-weight polyolefins 
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The ultra-high-molecular-weight polyolefins which can .be used in the present invention have an mtnnsic 
viscosity W of at least 5 dl/g, preferably 5 to 40 dl/g as measured in decalin solvent at l35°C.When the 
intrinsic viscosity fo] is lower than 5 dl/g. the resulting molded articles having molecular orientation do not 
sufficient tensile strength, while when the intrinsic viscosity is higher than 40 dl/g, there is a d.fficulty in 
molding the compositions to obtain molded articles having molecular orientation. 

The ultra-high-molecular-weight polyolefins useful in the present invention include homopolymers or 
copolymers of o-olefins such as ethylene, propylene, 1-butene. 1-pentene. 1-hexene. 1-octene. 1-decene, 1- 
dodecene. 4-methyM-pentene and 3-methyl-1-pentene. Of these ethylene homopolymer or copolymers of a 
major portion of the ethylene and a minor portion of one or more other o-olefins are particularly preferred. 

The ultra-high-molecular-weight polyoiefin compositions of the present invention contain 3 to 80% by 
weight of the ultra-high-molecular-weight polyoiefin based on the total weight of the ultra-high-molecutar- 
weight polyoiefin and the diluent It is preferred that the ultra-high-molecular-weight polyoiefin is used in an 
amount of 15 to 60% by weight based on the total weight of said polyoiefin and said diluent When the 
amount of the ultra-high-molecular-weight polyoiefin is less than 3% by weight, there is a difficulty in 
carrying out melt-kneading and the orientability (stretchability) of the molded articles are liable to become 
poor, white when the amount is more than 80% by weight, the melt viscosity of the composrtions becomes 
so high that the compositions are difficult to be melt-kneaded or melt-molded and surfaces of the ^suiting 
molded articles become rough or breakage of filaments when orientating is liable to be caused. Thus, 
amount outside the range defined above are not preferred. 
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Diluents 



The ultra-high-molecular-weight polyolefin compositions of the present invention contain diluents in 
s addition to said uitra-high-molecular-weight polyoiefins. 

As the diluent solvents for the ultra-high-molecular-weight polyoiefins or various waxes having compati- 
bility with said ultra-high-molecular-weight polyoiefins can be used. 

The solvents which can be used as the diluents in the present invention are those having a boiling point 
of not lower than the melting points of said ultra-high-molecular-weight polyoiefins, preferably at least 20°C 
io higher than the melting points of said ultra-high-molecular-weight polyoiefins. 

Concrete examples of the solvents include aliphatic hydrocarbon solvents such as n-nonane, n- 
dodecane. n-undecane, n-tetradecane, n-octadecane, liquid paraffin and kerosine; aromatic hydrocarbon 
solvents such as xylene, napthaiene, tetralin, butylbenzene, p-cymene. cyclohexylbenzene, diethylben2ene, 
pentylbenzene, dodecyf benzene, bicyclohexyl, decalin, methylnapthaiene and ethylnapthalene and hydroge- 
;s nated derivatives thereof: halogenated hydrocarbon solvents such as 1,1 ,2,2-tetrachloroethane, pentach- 
loroethane, hexachloroethane, 1,2,3-trichloropropane, dichlorobenzene, 1 ,2,4-trichlorobenzene and 
bromobenzene; and mineral oils such as paraffinic process oil. naphthenic process oil and aromatic process 
oil. 

The waxes which can be used as the diluents in the present invention are aliphatic hydrocarbon 

20 compounds and derivatives thereof. 

As the aliphatic hydrocarbon compounds, paraffin wax which are mainly composed of saturated 
aliphatic hydrocarbon compounds and have a molecular weight of not higher than 2.0O0, preferably not 
higher than 1,000, more preferably not higher than 800 are used. Concretely, the following aliphatic 
hydrocarbon compounds are used. 

25 N-alkanes having not less than 22 carbon atoms such as docosane, tricosane, tetracosane, triacontane, 
etc., and mixtures of a major portion of these n-alkanes with lower n-alkanes; paraffin wax obtained from 
petroleum; medium/low pressure polyethylene wax which are low-molecular polymers obtained by poly- 
merizing ethylene or copolymerizing ethylene with other <r-olefin; high-pressure polyethylene wax; ethylene 
copolymer wax; wax obtained by lowering the molecular weight of polyethylene such as medium/low 

30 pressure polyethylene or high-pressure polyethylene by thermal degradation, etc.; oxidized products of 
these wax; and maleic acid-modified wax and maieic acid-modified products of said oxidized wax. 

As the aliphatic hydrocarbon compound derivatives, there can be used compounds having not less than 
8 carbon atoms, preferably 12 to 50 carbon atoms and an molecular weight of 130 to 2,000, preferably 200 
to 800 and having one or more functional groups, preferably one or two functional groups, particularly 

35 preferably one functional group such as carboxyl group, hydroxyl group, carbamoyl group, ester group, 
mercapto group, carbonyl group or the like at the terminal of the aliphatic hydrocarbon group (e.g., alkyl 
group, alkenyl group) thereof or as a side chain on said aliphatic hydrocarbon group, such as fatty acids, 
aliphatic alcohols, fatty acid amides, fatty acid esters, aliphatic mercaptans, aliphatic aldehydes, aliphatic 
ketones, etc. Concretely, the following compounds can be used. 

40 For example, fatty acids such as capric acid, lauric acid, myristic acid, palmitic acid, stearic acid, oleic 
acid, etc.; aliphatic alcohols such as lauryl alcohol, myristyl alcohol, cetyl alcohol, stearyl alcohol, etc.; fatty 
acid amides such as capric amide, lauric amide, palmitic amide, stearic amide, etc.; and fatty acid esters 
such as stearyl acetate, etc., are used. 

The ultra-high-molecular-weight polyolefin compositions of the present invention contain said diluent in 

45 an amount of 97 to 20% by weight based on the total weight of the ultra-high-molecular-weight polyolefin 
and the diluent. The preferred amount of the diluent is 85 to 40% by weight based on the total weight of the 
ultra-high-molecular-weight polyolefin and the diluent When the amount of the diluent is less than 20% by 
weight the melt viscosity of the compositions becomes so high that the compositions are difficult to be 
melt-kneaded or melt-molded and surfaces of the resulting molded articles become rough or breakage of 

so filaments when orientating is liable to be caused, while when the amount is more than 97% by weight, there 
is a difficulty in carrying out the melt-kneading and the orientability. of the molded articles is liable to 
become poor. 

55 Phenol stabilizers 



The ultra-high-moiecuiar-weight polyolefin compositions of the present invention may contain phenol 
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stabilizers in addition to the ultra-high-moiecular weight polyolefins and the diluents. 

Any of conventional pheno! stabilizers can be used without particular limitation. Concrete examples of 

the phenol compounds are as follows. 

2.6-DM-butyl-4-methylphenol 
5 2,6-Di-t-butyl-4-ethylphenoi 

2.6-Dicyclohexyl-4-methylphenol 

2,6-Diisopropyl-4-ethylphenol 

2,6-Di-t-amyl-4-methylphenol 

2,6-Di-t-octyl-4-n-propylphenol 
10 2,6-Dicyclohexyl-4-n-octylphenol 

2-lsopropyl-4-methyl-6-t-butylphenol 

2-t-Butyl-2-ethyl-6-t-octylphenol 

2-lsobutyl-4-ethyl-6-t-hexylphenol 

2-Cyclohexyl-4-n-butyl-6-isopropylphenol 
75 dl-a-Tocopherol 

t-Butylhydroquinone 

2.2'-Methylenebis(4-methyl-6-t-butylphenol) 
4.4'-Butylidenebis(3-methyl-6-t-butylphenol) 
4.4-Thiobis(3-methyl-6-t-butylphenol) 
20 2.2'-Thiobis(4-methyl-6-t-butylphenol) 
4,4-Methylenebis(2 f 6-di-t-butylphenoI) 
2.2'-Methylenebis[6-(1-methylcyciohexyl)-p-cresol] 
2y-Ethylidenebis(2.4-di-t-butylphenol) 
2,2'-Butylidenebis(2-t-biityl-4-methylphenot) 
25 1 ,1 ,3-Tris(2-methyl-4-hydroxy-5-t-butyIphenyl)butane 

Triethylene glycol-bis[3-(3-t-butyl-5-methyl-4-hydroxyphenyl)propionatel 
1 ( 6-Hexanediol-bis[3-{3,5-dK-butyl-4-hydroxyphenyl)propionate] 
2 f 2-Thiodiethylenebis[3-(3.5-di-t-butyl-4-hydroxyphenyl)propionate] 
N,N'-Hexamethylenebis(3 f 5-di-t-butyl-4-hydroxyhydrocinnamide) 
30 3,5-Oi-t-butyl-4-hydroxybenzylphosphonate-diethyI ester 

1.3 I 5-Tris(2,6-dimethyl-3-hydroxy-4-t-butylbenzyi)isocyanurate 
1,3 f 5-Tris[(3,5-di-t-butyi-4-hydroxyphenyl)propionyloxyethyl]isocyanurate 
Tris(4-t-butyl-2.6-dimethyl-3-hydroxybenzyl)isocyanurate 
2 t 4-Bis(n-octylthio)-6-(4-hydroxy-3,5-t-butylanilino)-1 ,3,5-triazine 
35 Tetrakis[methylene-3-(3.5-di-t-butyl-4-hydroxyphenyl)propionate]methane 
Bis(3.5Kli-t-butyi^hydroxybenzylphGsphonic acid ethyl ester) calcium 
Bis(3.5-di-t-butyi-4-hydroxybenzylphosphonic acid ethyl ester) nickel 
Bis[3,3-bis(3-t-4-hydroxyphenyl)butyric acid] glycol ester 
N,N'-Bis[3,5-di-t-butyh4-hydroxyphenyl)propionyl]hydrazine 
40 2.2-Oxaimidobis[ethyl-3-(3 l 5-di-t-butyl-4-hydroxyphenyl)propionate] 
2 f 2-Methylenebis(4-methyi-6-t-butylphenol)terephthalate 
1,3 t 5-Trimethyl-2.4.6-tris(3 f 5-di-t-butyl-4-hydroxybenzyl)benzene 
3 f 9-Bis[1>dimethyl-2-{0-<3-rtu^ 
[5 f 5]-undecane 

45 2,2-Bis[4-(2-)3,5<li-t-butyM^ydroxyhydrocinnamoyioxy))ethoxyphenyi]propane 

Alkyl esters of i3-(3,5-di-t-butyl-4-hydroxyphenyl)propionic acid 
Of these, the following compounds are preferred. 

Triethylene glycol-bis[3-(3-butyl-5-methyl-4- hydroxyphenyl)propionate] 

1,6-Hexanediol-bis[3-(3 f 5-di-t-butyl-4-hydroxyphenyl)propionate] 
so 2,2-Thiodiethylenebist3-(3 f 5-di-t-butyl-4-hydroxyphenyl)propionate] 

N.N'-Hexamethylenebis(3,5-di-t-butyl-4-hydroxyhydrocinnamide) 

3 f 5-Di-t-butyl-4-hydroxybenzylphosphonate-diethyl ester 

I.^S-TrisCa.e-dimethyl-S-hydroxy^-t-butylbenzyOisocyanurate 

1.3.5-Tris[(3,5^i-t-butyl-4-hydroxyphenyl)propionyloxyethyl]isocyanurate 
55 Tris(4-t-butyl-2,6-dimethyl-3-hydroxybenzyl)isocyanurate 

2,4-Bis(n-octylthio)-6-{4-hydroxy-3,5-dH-butylanilino)-1,3 l 5-triazine 

TetrakistmethyIene-3-(3 f 5-di-t-butyl-4-hydroxyphenyl)propionate]methane 

Bis(3,5-di-t-butyi-4-hydroxybenzylphosphonic acid ethyl ester) calcium 
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Bis(3,5-di-t-butyl-4-hydroxybenzylphosphomc acid ethyl ester) nickel 

Bis[3,3-bis(3-t-4-hydroxyphenyl)butyric acid] glycol ester 

N,N'-Bis[3,5-di-t-butyl-4-hydroxyphenyf)propionyl]hydrazine 

a.a'-Oxamidobistethyl-S-CS^-di-t-butyl^hydroxyphenylJpropionate] 

2*2'-Methylenebis(4-methy!-6-t-butylphenol]| terephthalate 

1,3 f 5-Trimethyl-2 f 4 t 6-tris(3 f 5-di-t-butyl-4-hyClroxyben2yl)ben2ene 

3,9-Bis(1,1-dimethyl-2{/S-[3-t-butyl-4-hydr^^ 

undecane 

2,2-Bis[4-)2-(3.5^i-t-butyl-4-hydroxyhydrocinnamoyloxy))etho>cyphenyllpropane 
Alkyl esters of 0-(3,5<ii-t-bu1yl-4-hydroxyphenyl)propionic acid 

As said alkyl esters of £-(3,5-di-t-butyl-4-hydroxyphenyl)propionic acid, alkyl esters having not more 
than 1 8 carbon atoms are particularly preferred. 

Of these, particularly preferred compounds are as follows: 
Tetrakis[methylene-3-{3 f 5-di-t-butyl-4-hydroxypheny[)propionate]methane 
Bis(3,5-di-t-butyl-4-hydroxybenzylphosphonic acid ethyl ester) calcium 
Bis(3,5-di-t-buty!-4-hydroxybenzylphosphonic acid ethyl ester) nickel 
Bis[3,5-bis(4-hydroxy-3-t-butylphenyl)butyric acid] glycol ester 
N,N'-Bis[3,5-dK-butyl-4-hydroxyphenyl)propionyl]hydrazine 
2 t 2^0xamidobis[ethyl-3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate] 
2 t 2-Methylenebis(4-methyI-6-t-butylphenol)terephthaiate 
1,3 f 5-Trimethyl-2 f 4 t 6-tris)3,5-di-t-butyl-4-hydroxybenzyl)benzene 

3,9-Bis[1 ,1 -dimethyl-2-{/3-(3-t-butyi-4-hydroxy-5-methylphenyl)propionyloxy}ethyl]-2 l 4 i 8,1 0-tetroxaspiro[5,5]- 
undecane 

1 ? 3 i 5-Tris[(3,5-di-t-butyI-4-hydroxyphenyl)propionyloxyethyl] isocyanurate 
2,2-Bis[4-(2-(3 f 5-di-t-butyl-4-hydroxyhydrocinnamoyIoxy))ethoxyphenyl]propane 

These phenol stabilizers may be used either alone or in a combination of two or more. 

The ultra-high-molecular-weight polyoiefin compositions of the present invention contain the phenol 
stabilizers in an amounts of 0.005 to 5 parts by weight, preferably 0-01 to 0.5 parts by weight, more 
preferably 0.05 to 0.2 parts by weight based on 100 parts by weight of the total amount of the ultra-high- 
molecular-weight polyoiefin and the diluent When the amount of 4he phenol stabilizer -is in the range of 
0.005 to 5 parts by weight based on 100 parts by weight of the total amount of the ultra-high-molecular- 
weight polyoiefin and the diluent, an effect of improving heat resistance can be obtained, the cost of the 
stabilizer is not increased and the properties of the resin such as tensile strength are not lowered. 



Organic phosphite stabilizers 



- The ultra-high-moiecular-weight polyoiefin compositions of the present invention may contain organic 
phosphite stabilizers in addition to the ultra-high-molecular-weight polyoiefin and the diluent. 

Any of conventional organic phosphite stabilizers ban be used without particular limitation. Concretely, 
the following compounds can be used. 

Trioctyl phosphite, trilauryl phosphite, tridecyl phosphite, octyl diphenyl phosphite, tris(2,4-di-t-butyl- 
phenyl) phosphite, triphenyl phosphite, tris(butoxyethyl) phosphite, tris(nonylphenyl) phosphite, distearyl 
pentaerythritol diphosphite, tetra-(tridecyl)-1,1 ,3-tris(2-methyl-5-t-butyl-4-hydroxyphenyl)-butane diphosphate, 
tetra(Ci 2-C1 * mixed alkyl)-4,4 -isopropylidenediphenyl diphosphite, tetra(tridecyl)-4 f 4 -butylidenebis(3- 
methyl-6-t-butylphenol) diphosphite, tris(3,5-di-t-butyl-4-hydroxyphenyl) phosphite, tris(mono-and di-mixed 
nonylphenyl) phosphite, hydrogenated 4,4'-isopropylidenediphenol poly phosphite, bis(octylphenyl) bis[4,4 - 
butylidenebis(3-methyl-6-t-butylphenoI^].1 ,6-hexanediol diphosphite, phenyl 4,4 -isopropylidenediphenol 
pentaerythritol diphosphite, tris[4,4 -isopropylidenebis(2-t-butyiphenol)] phosphite, phenyl diisodecyl 
phosphite, di(nonylphenyi) pentaerythritol diphosphite, tris(1 ,3-distearoyloxyisopropyl) phosphite, 4,4 - 
isopropy lidenebis(2-t-buty Iphenol) di(nony Iphenyl) phosphite, 9,1 0-di-hydro-9-oxa-9-oxa- 1 0- 
phosphaphenanthrene-1 0-oxide, etc. 

Bis(dialkylphenyl) pentaerythritol diphosphite esters can be used in form of spiro type represented by 
the following formula (1) and cage type represented by the following formula (2). Generally, a mixture of 
both isomers are used for economical reason, because the mixture of both isomer is produced from 
conventional methods for manufacturing the phosphite esters. 
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In the formulas, R 1 and R 2 are each an alkyl group having 1 to 9 carbon atoms, preferably a branched 
alkyl group, more preferably tert-butyl group. Preferably, the aikyl groups are attached to 2, 4 or 6 positions 
of the phenyl group. The phosphite esters suitable for use in the present invention include tris(2,4-di-t-butyl 
phenyl) phosphite, bis(2,4-di-t-butylphenyl) pentaerylthritol diphosphite and bis(2,6-di-t-butyl-4-methyl- 
phenyl) pentaerythritol diphosphite. Further, phosphonites having a structure where carbon atom is directly 
attached to phosphorus atom, such as tetrakis (2,4-di-t-butylphenyl)-4.4 -biphenylene diphosphonite can 
also be used. 

These organic phosphite stabilizers may be used either along or in a combination. 

the ultra-high-molecular-weight polyolefin compositions of the present invention may contain the organic 
phosphite stabilizers in an amount of 0.005 to 5 parts by weight, preferably 0.01 to 0,5 parts by weight, 
more preferably 0.05 to 0.2 parts by weight based on 100 parts by weight of the total amount of the ultra- 
high-moiecular-weight polyolefin and the diluent. When the amount of the organic phoshite stabilizer is in 
the range of 0,005 to 5 parts by weight based on 100 parts by weight of the total amount of the ultra-high 
molecular-weight polyolefin and the diluent an effect of improving heat resistance can be obtained, the cost 
of the stabilizer is not increased, and there is no fear that the properties of the resin such as strength and 
elongation are deteriorated. 

Organic thioether stabilizers 

The ultra-high-molecular-weight polyolefin compositions of the present invention may contain organic 
thioether stabilizers in addition to the ultra-high-molecular-weight polyolefin and diluent. 

Any of organic thioether stabilizers can be used without particular limitation. Concretely, the following 
compounds can be used. 

Dialkyl thiodipropionates such as dilauryl thiodi propionate, dimyristyl thidipropionate and distearyl 
thiodipropionate; and esters of alkylthiopropionic acids (e.g., butyl-, octyh iauryl- or stearylthiopropionic 
acid) with polyhydric alcohols (e.g., glycerin, trimethylolethane. trimethylolpropane. pentaerythritol, 
trishydroxyethyl isocyanurate) such as pentaerylthritol tetralauryl thiopropionate and distearyldisulfide. 
Concrete examples of the organic thioether stabilizers include dilauryl thiodipropionate. dimyristyl 
thiodipropionate, dilauryl thiodipropionate, Iauryl stearyl thiodipropionate and distearyl thiodibutyrate. 
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These organic thioether stabilizers may be used either alone or in a combination. 

The ultra-high-molecular-weight polyolefin compositions of the present invention contain the organic 
thioether stabilizers in an amount of 0.005 to 5 parts by weight, preferably 0.01 to 0.5 parts by weight, more 
preferably 0.05 to 0.2 parts by weight based on 100 parts by weight of the total amount of the ultra-high- 
molecular-weight polyolefin and the diluent When the amount of the organic thioether stabilizer is in the 
range of 0.005 to 5 parts by weight of the total amount of the ultra-high-molecular weight polyolefin and the 
diluent an effect of improving heat resistance can be obtained, the cost of the stabilizer is not increased 
and there is no fear that the properties of the resin such as tensile elongation are deteriorated. 



The ultra-high-molecular-weight polyolefin compositions of the present invention may contain hindered 
amine stabilizers in addition to the ultra-high-molecular-weight polyolefin and the diluent 

As the hindered amine stabilizers, there can be used conventional compounds having such a structure 
that all hydrogen atoms attached to carbon atoms at the positions 2 and 6 of piperidine are substituted by 
methyl groups. 

Concrete examples of the hindered amine stabilizers include the following compounds: 

(1 ) Bis(2,2,6,6-tetramethyI-4-piperidyl)sebacate 

(2) Dimethyl succinate-l-(2-hydroxyethyl-4-hydroxy-2^ i 6,6-tetramethylpiperdine poly condensate 

(3) Po!y[[6-(1 ,1 ,3,3-tetramethylbutylJimino-l f 3,5-tr!azine-2,4-diyl][(2,2,6,6-tetramethyl-4-piperdiyl)- 
iminolhexamethyleneKa^.e.e-tetramethyl-^piperidyOiminol] 

(4) TetraWs(2,2,6 t 6-tetramethyl-4-piperidyl)-1 ,2,3 ,4-butanetetracarboxy late 

(5) 2 t 2 I 6,6-Tetramethyl-4-piperidyl benzoate 

(6) Bis-(1^,6,6-pentamethyl-4-piperidyl)-2-(3 f 5-t-butyI-4-hydroxybenzyl)-2-n-butyimalonate 

(7) Bis(N-methyl-2,2 f 6,6-tetramethyl-4-piperidyl) sebacate 

(8) 1 .1 '-(1 ,2-Ethanediyi)bis(3,3,5,5-tetramethyipiperazinone 

(9) Mixed (2,2,6, 6-tetramethyl-4-piperidyl/tridecyl)-1 ,2,3,4-butanetetracarboxylate 

(1 0) (Mixed 1 ,2, 2,6, 6-pentamethyl-4-piperidyl/tridecy I)- 1,2,3 ,4-butanetetracarboxy late 

(1 1 ) Mixed {2,2,6,6-tetramethyl-4-piperidyl//3,/3,^' l /8 / -tetramethyl-3-9-[2,4,8 l 1 0-tetraoxasprio(5,5)- 
undecanejdiethyl} 1,2,3 ,4-butanetetracarboxy late 

(1 2) Mixed {1 ,2,2,6,6-petamethyl-4-piperidyl/i3 I /9,^',/5 / -tetramethyl-3-9-[2 f 4,8 i 1 0-tetraoxaspiro(5,5)- 
undecane]diethyl}-1 ,2,3, 4-butanetetracarboxy late 

(13) N,N / -Bis(3-aminopropyl)ethylenediamine-2-4-bis-tN-butyl-N-(1 l 2,2,6 t 6-pentam 
amino]-6-chloro-1 ,3,5-triazine condensate 

(1 4) Poly[[6-N-morpholyM ,3,5-triazine-2,4-diyl][(2,2,6,6-tetram 
(2,2,6 ,6-tetramethyl-4-piperidyi)iminoJ]. 

(1 5) Condensate of N,N'-bis(2,2,6,6-tetramethyl-4-piperidyl)hexamethylenedi amine with 1 ,2- 
dibromoethane 

(16) [N,(2,2,6,6-teframethyl-4-^ 

Among them, the compounds (1), (2), (3), (4), (8), (10), (11), (14) and (15) are preferred. 
These hindered amine stabilizers may be used either alone or in a combination. 

The uitra-high-molecular-weight polyolefin compositions of the present invention contain the hindered 
amine stabilizers in an amount of 0.005 to 5 parts by weight, preferably 0.01 to 0.5 parts by weight, more 
preferably 0.05 to 0.2 parts by weight based on 100 parts by weight of the total amount of the ultra-high- 
molecular-weight polyolefin and the diluent When the amount of the hindered amine stabilizer is in the 
range of 0.005 to 5 parts by weight based on 100 parts by weight of the total amount of the ultra-high- 
molecular-weight polyolefin and the diluent, an effect of improving heat resistance and weather resistance 
can be obtained, the cost of the stabilizer is not increased and there is no fear that the properties of the 
resin such as tensile elongation are deteriorated. 



The ultra-high-molecular-weight polyolefin compositions of the present invention may contain metal 



Hindered amine stabilizers 



Metal salts of higher fatty acids 
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salts of higher fatty acids in addition to the ultra-high-molecular-weight polyolefin and the diluent. 

For example, as the metal salts of higher fatty acids there can be used alkaline earth metal salts (e.g., 
magnesium salts, calcium salts, barium salts), cadmium salts, zinc salts, lead salts and alkali metal salts 
(e Qm sodium salts, potassium salts, lithium salts) of higher fatty acids such as stearic acid, oleic acid, laurtc 
acid, capric acid, arachidic acid, palmitic acid, behenic acid, 12-hydroxystearic acid, ncinoleic acid, 
montanic acid, etc. 

Concrete examples of the metal salts of the higher fatty acids include magnesium stearate, magnesium 
laurate, magnesium palmitate, calcium stearate, calcium oleate. calcium laurate. barium stearate. barium 
oleate, barium laurate. barium arachidate. barium behenate, zinc stearate, zinc laurate. lithium stearate, 
sodium stearate, sodium palmitate. potassium stearate, potassium laurate, calcium 12-hydroxy stearate and 
calcium montanate. 

These metal salts of the higher fatty acids may be used either alone or in a combination. 
The ultra-high-molecular-weight polyolefin compositions of the present invention contain the metal salts 
of the higher fatty acids in an amount of 0.005 to 5 parts by weight preferably 0.01 to 0.5 parts by weight, 
more preferably 0.05 to 0.5 parts by weight based on 100 parts by weight of the total amount of the ultra- 
high-molecular-weight polyolefin and the diluent. When the amount of the metal salt of the higher fatty acid 
is in the range of 0.005 to 5 parts by weight based on 100 parts by weight of the total amount of the ultra- 
high-molecular-weight polyolefin and the diluent, the residual chlorine originating from catalyst and left 
behind in the polymer is sufficiently absorbed, the resin can be prevented from being deteriorated, the cost 
of the stabilizer is not increased and there is no fear that the properties of the resin such as tensile 
elongation are deteriorated. . 

The metal salts of the higher fatty acids function as slip agents and rust inhibitors so that the ultra-nign- 
molecular-weight polyolefin compositions of the present invention are excellent in moldability and are 
effective in preventing molding machines, etc. from being rusted. 

The ultra-high-molecular-weight polyolefin composition of the present invention comprise either the 
ultra-high-molecular-weight polyolefins. the diluents and the phenol stabilizers, or at least one compound 
selected from the group consisting of the organic phosphite stabilizers, the organic thioether stabilizers, the 
hindered amine stabilizers and the metal salts of the higher fatty acids in addition to said ultra-high- 
molecular-weight polyolefins. said diluents and said phenol stabilizers. 

Further the ultra-high-molecular-weight polyolefin compositions of the present invention compnse the 
ultra-high-molecular-weight polyolefins. the diluent, the organic phosphite stabilizers and/or the hindered 
amine stabilizers and optionally the metal salts of the higher fatty acids. 

The following ultra-high-molecuiar-weight polyolefin compositions containing the following components 

are prefereed. 
35 (1) Uitra-high-molecular-weight polyolefin 

Diluent 

phenol stabilizer 

(2) Ultra-high-molecular-weight polyolefin 

Diluent 
40 Phenol stabilizer 

Metal salt of higher fatty acid 

(3) Ultra-high-moiecular-weight polyolefin 

Diluent 

Phenol stabilizer 
45 Organic phosphite stabilizer 

(4) Ultra-high-molecular-weight polyolefin 
Diluent 

Phenol stabilizer - • 
Organic phosphite stabilizer 
so Metal salt of higher fatty acid 

(5) Ultra-high-molecular-weight polyolefin 
Diluent 

Phenol stabilizer 
Organic thioether stabilizer 
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(6) Ultra-high-molecular-weight polyolefin 
Diluent 

Phenol stabilizer 
Organic thioether stabilizer 
s Metal salt of higher fatty acid 

(7) Ultra-high-molecular-weight polyolefin 
Diluent 

Phenol stabilizer 
Hindered amine stabilizer 
10 (8) Ultra-high-molecular-weight polyolefin 

Diluent 

Phenol stabilizer 
Hindered amine stabilizer 
Metal salt of higher fatty acid 
is (9) Ultra-high-molecular-weight polyolefin 

Diluent 

Phenol stabilizer 
Organic thioether stabilizer 
Hindered amine stabilizer 
20 (10) Ultra-high-molecuiar-weight polyolefin 

Diluent 

Phenol stabilizer 
Organic thioether stabilizer 
Hindered amine stabilizer 
25 Metal salt of higher fatty acid 

(11) Ultra-high-moiecular-weight polyolefin 
Diluent 

Phenol stabilizer 
Organic phosphite stabilizer 
50 Hindered amine stabilizer 

(12) Ultra-high-molecular-weight polyolefin 
Diluent 

Phenol stabilizer 
Organic phosphite stabilizer 
35 Hindered amine stabilizer 
Metal salt of higher fatty acid 

(13) Ultra-high-molecular-weight polyolefin 
Diluent 

Organic phosphite stabilizer 
40 (14) Ultra-high-molecular-weight polyolefin 

Diluent 

Organic phosphite stabilizer 
Metal salt of higher fatty acid 

(15) Ultra-high-molecular-weight polyolefin 
45 Diluent 

Hindered amine stabilizer 

(16) Ultra-high-molecular-weight polyolefin 
Diluent 

Hindered amine stabilizer 
so Metal salt of higher fatty acid 

(17) Ultra-high-molecular-weight polyolefin 
Diluent 

Organic phosphite stabilizer 
Hindered amine stabilizer 
55 (18) Uitra-high-molecuiar-weight polyolefin 

Diluent 

Organic phosphite stabilizer 
Hindered amine stabilizer 
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Metal salt of higher fatty acid 

In addition to the above-described ingredients, the ultra-high-molecular-weight polyolefin compositions 
of the present invention may optionally contain conventional additives for polyolefins. For example, additives 
such as heat-proofing stabilizer, weathering stabilizer, pigment, dye. slip agent, antistatic agent, etc.. may 
be added to the compositions, so long as the amounts of the additives do not have an adverse effect 

EFFECT OF THE INVENTION 

The ultra-high-molecular-weight polyolefin compositions of the present invention are excellent in heat 
stability during molding as well as in long-term heat stability and scarcely cause deterioration by heat when 
they are molded into molecular oriented articles such as fiber and tape so that the compositions are 
suitable for use in producing molded articles having molecular orientation, which have high tensile strength, 
high tensile modulus, etc. . . .. 

Particularly, the ultra-high-molecular-weight polyolefin compositions containing the hindered amine 
stabilizers as a constituent component are excellent in heat stability during molding as well as in long-term 
heat stability and weather resistance. 

The present invention is further illustrated by means of the following examples which, however, are not 
to be construed as limiting the invention in any way. 

Example 1 

01 part by weight of tetraWs[methylene-3-(3.5-di-t-butyl-4-hydroxyphenyl)propionate]methane (trade 
name- IRGANOX 1010. a product of Nippon Ciba-Qeigy KK) as the phenolic stabilizer was blended with a 
mixture of 20 parts by weight of ultra-high-molecular weight polyethylene (having an intrinsic viscosity fo] of 
8 94 dl/g as measured in decalin solvent at 135°C) powder and 80 parts by weight of paraffin wax (melting 
point" 69°C. trade name: Luvax. a product of Nippon Seiro KK) as the diluent The resulting mixture was 
meir-spun under the following conditions. 

The mixture was fed to a screw extruder (screw diameter: 25 mm. L/D-25. manufactured by Thermo- 
plastic KK) and melt-kneaded at a temperature of 190°C.The melt-kneaded material was melt-spun through 
. a spining die having an orifice diameter of 2 mm. said die being fixed to said extruder. The extruder was 
then taken off under such conditions that air gap was 180 cm and a draft ratio was 35. The extrudate was 
cooled in air to solidify it, thus obtaining an unoriented fiber. 

The unoriented fiber was under the following conditions to obtain a fiber having molecular onentation. 
Three pairs of godet rolls were used and two-stage orientation was carried out The heat transfer 
medium of the first orientation tank was n-decane and the temperature thereof was 110°C, and that of the 
second orientation tank was methylene glycol and the temperature thereof was 145°C.The effective length 
of each tank was 50 cm. In carrying out orientation, the revolution speed of the first godet rolls was 0.5/m.n 
and that of the third godet rolls was 12.5/min (draw ratio: 25). The revolution speed of the second godet 
rolls was carefully chosen so that safety driving could be made. Almost all of the paraffin wax .nitially mixed 
with the ultra-high-molecular-weight polyethylene was extracted into n-decane during the course of onenta- 
45 tion. 

The resulting fiber having molecular orientation was washed with water and dried at room temperature 
under reduced pressure overnight and the intrinsic viscosity .fo] and tensile characteristics thereof were 
determined. The measurements were made in the following manners. 

Intrinsic viscosity [,]: Intrinsic viscosity of the resin constituting the fiber having molecular onentation as 
so measured in decalin solvent at 135°. 

Tensile characteristics: Modulus and tensile strength as tensile characteristics were measured at room 
temperature (23°) by using DCS-50M type tensile testing machine manufactured by shimazu Seisakusho 
Ltd The length of the test sample between clamps was 100 mm and the rate of pulling was 100 mm/mm 
(100% partial strain rate). The modulus was initial modulus and calculated by using the gradient of tangent 
line. The sectional area of the fiber required for the calculation was determined from its weight and its 
density which was referred to as 0.960 g/cc. 
The results are shown in Table 1 . 
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Example 2 

The procedure of Example 1 was repeated except that 0.1 part by weight of tetrakis[methylene-3-(3 t 5- 
di-t-butyf-4-hydroxyphenyl)propionate]methane (trade name: IRGANOX 1010, a product of Nippon Ciba- 
5 Geigy KK) as the phenolic stabilizer was used and further 0.3 parts by weight of calcium stearate (1 product 
of Sankyo Yuki KK) as the metal salt of the higher fatty acid was added. There was Obtained a fiber having 
molecular orientation. The aforementioned measurements were made. 

The results are shown in Table 1 . 



Example 3 

The procedure of Example 1 was repeated except that 0.2 parts by weight of a 50:50 mixture (trade 
name: IRGANOX 1425WL, a product of Nippon Ciba-Geigy KK) of bis(3,5-di-t-butyl-4-hydroxybenzyi- 
75 phosphonic acid ethyl ester) calcium and polyethylene wax was used as the phenol stabilizer to obtain a 
fiber having molecular orientation. The aforementioned measurements were made. 

The results are shown in Table 1 . 



20 Example 4 

The procedure of Example 1 was repeated except that 0.2 parts by weight of a 50:50 mixture (trade 
name: IRGANOX 1425WL, a product of Nippon Ciba-Geiby KK) of bis(3,5-di-t-butyl-4-hydroxybenzyl 
phosphonic acid ethyl ester) calcium and polyethylene wax as the phenol stabilizer and further 0.3 parts by 
25 weight of calcium stearate (a product of Sankyo Yuki KK) as the metal salt of the higher fatty acid were 
used to obtain a fiber having molecular orientation. The aforementioned measurements were made. 
The results are shown in Table 1 . 



30 Example 5 

The procedure of Example 1 was repeated except that 0.1 part by weight of bis[3,5-bis(4-hydroxy-3-t- 
butylphenyl)butyric acid] glycol ester (Trade name: HOSTANOX 03, a product of Nippon Hoechst KK) as 
the phenol stabilizer was used to obtain a fiber having molecular orientation. The aforementioned measure- 
35 ments were made. 

The results are shown in Table 1 . 



Example 6 

40 " 

The procedure of Example 1 was repeated except that 0.1 part by weight of bis[3,5-bis(4-hydroxy-3-t- 
butylphenyl)butyric acid] glycol ester (trade name: HOSTANOX 03, a product of Nippon Hoechst KK) as the 
phenol stabilizer was used and further 0.3 parts by weight of calcium stearate (a product of Sankyo Yuki 
KK) as the metal salt of the higher fatty acid was added. There was obtained a fiber having molecular 
45 orientation. The aforementioned measurements were made. 

The results are shown in Table 1. 



Example 7 

50 

The procedure of Example 1 was repeated except that 0.1 part by weight of N,N -bis[3,5-dt-t-butyl-4- 
hydroxyphenyl)propionyi)hydrazine (trade name; IRGANOX MD1024 f a product of Nippon Ciba-Geigy KK) 
as the phenolic stabilizer was used to obtain a fiber having molecular orientation. The aforementioned 
measurements were made. 
55 The results are shown in Table 1. 
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The procedure of Example 1 was repeated except that 0.1 part by weight of N.N -bis[3,5-di-t-butyl-4- 
hydroxyphenyl)propionyi]hydrazine (trade name: IRGANOX MD1024, a product of Nippon Ciba-Geigy KK) 
as the phenol stabilizer and further 0.3 parts by weight of calcium stearate (a product of Sankyo Yuki KK) as 
the metal salt of the higher fatty acid were used to obtain a fiber having molecular orientation. The 
5 aforementioned measurements were made. 

The results are shown in Table 1 . 



Example 9 

The procedure of Example 1 was repeated except that 0.1 part by weight of 2.2-oxamidobis[ethyI-3- 
(3,5-di-t-butyl-4-hydroxyphenyl) propionate] (trade name: NAUGARO XL-1, a product of Uniroyal) was used 
as the phenol stabilizer to obtain a fiber having molecular orientation. The aforementioned measurements 
were made. 
is The results are shown in Table 1 . 



Example 10 

The procedure of Example 1 was repeated except that 0.1 part by weight of 2 f 2'-oxamidobis[ethyl-3- 
(3 5-di-t-butyl-4-hydroxyphenyl)propionate] as the phenol stabilizer was used and further 0.3 parts by weight 
of calcium stearate (a product of Sankyo Yuki KK) as the metal salt of the higher fatty acid was added. 
There was obtained a fiber having molecular orientation. The aforementioned measurements were made. 

The results are shown in Table 1 . 



Comparative Example 1^ 

The procedure of Example 1 was repeated except that the phenol stabilizer was not used to obtain a 
30 fiber having molecular orientation. The aforementioned measurements were made- 
The results are shown in Table 1 . 



Table 1 
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Example 


Intrinsic 


Tensile 


Tensile 


Tensile 


viscosity 


modulus 


strength 


elongation 




[dl/g] 


[GPa] 


[GPa] 


[%] 


1 


8.14 


91 


2.53 


4.31 


2 


8.16 


90 


2.54 


4.33 


3 


7.85 


88 


2.46 


4.10 


4 


7.91 


89 


2.48 


4.15 


5 


8.05 


89 


2.48 ' 


4.25 


6 


8.06 


90 


2.51 


4.28 


7 


8.02 


90 


2.50 


4.28 


8 


8.04 


89 


2.52 


4.30 


9 


8.15 


91 


2.51 


4.33 


10 


8.17 


90 


2.53 


4.35 


Com. Ex.1 


6.54 


85 


2.05 


2.15 



It can be understood from Table 1 that the ultra-high-molecular-weight polyethylene composition 
containing the above-mentioned stabilizers give fibers having molecular orientation, which scarcely cause 
lowering in intrinsic viscosity due to molding and have good tensile characteristics. 

55 

Example 11 
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0.1 part by weight of tetrakis[methylene-3-(3,5-di-t-butyl-4-hydroxyphenyl) propionate]methane (trade 
name: IRGANOX 1010, a product of Nippon Ciba-Geigy KK) as the phenol stabilizer and 0.1 part by weight 
of tris(2,4-di-t-butylphenyl) phosphite (trade name: PHOSPHITE 168, a product of Nippon Ciba-Geigy KK) 
were blended with a mixture of 20 parts by weight of ultra-high-molecular-weight polyethylene (intrinsic 
viscosity M=8.94 dl/g as measured in decalin at 135°C) and 80 parts by weight of paraffin wax (melting 
point 69°C, trade name: Luvax, a product of Nippon Seiro KK) as the diluent In the same way as in 
Example 1, a fiber having molecular orientation was produced from the resulting mixture. Various physical 
properties were measured as in Example 1 . 

The results are shown in Table 2. 



Example 12 

The procedure of Example 11 was repeated except that 0.1 part by weight of tetrakis[methylene-3-{3,5- 
di~t- butyl-4-hydroxyphenyl) propionate]methane (trade name: IRGANOX 1010. a product of Nippon Ciba- 
Geigy KK) as the phenol stabilizer, 0.1 part by weight of tris(2,4-di-t-butylphenyl) phosphite (trade 
name:PHOSPHITE 168, a product of Nippon Ciba-Geigy KK) as the organic phosphite stabilizer and further 
0.3 parts by weight of calcium stearate ( a -product of Sankyo Yuki KK) were used to obtain a fiber having 
molecular orientation. The aforementioned measurements were made. 

The results are shown in Table 2. 



Example 13 

The procedure of Example 11 was repeated except that 0.2 parts by weight of a 50:50 mixture (trade 
name: IRGANOX 1425 WL, a product of Nippon Ciba-Geigy KK) of bis(3,5-di-t-butyl-4-hydroxybenzyl- 
phosphonic acid ethyl ester) calcium and polyethylene wax as the phenol stabilizer and 0.1 part by weight 
of tris(2.4-di-t-butylphenyl) phosphite (trade name: PHOSPHITE 168, a product of Nippon Ciba-Geigy KK) 
as the organic phosphite stabilizer were used to obtain a fiber having molecular orientation. The aforemen- 
tioned measurements were made. 

The results are shown in Table 2. 



Example 14 

The procedure of Example 11 was repeated except that 0.2 parts by weight of a 50:50 mixture (trade 
name: IRGANOX 1425 Wl_ a product of Nippon Ciba-Geigy KK) of bis(3,5-di-t-butyl-4-hydro- 
xybenzylphosphonic acid ethyl ester) calcium and polyethylene wax as the phenol stabilizer and 0.1 part by 
weight of tris(2.4-di-t-butylphenyl) phosphite (trade name:PHOSPHITE 168, a product of Nippon Ciba-Geigy 
KK) as the organic phosphite stabilizer were used and further 0.3 parts by weight of calcium stearate (a 
product of Sankyo Yuki KK) was added. There was obtained a fiber having molecular orientation. The 
aforementioned measurement were conducted. 

The results are shown in Table 2. 



Example 15 

The procedure of Example 11 was repeated except that 0.1 part by weight of bis[3,5-dis(4-hydroxy-3-t- 
butylphenyl)butyric acid] glycol ester (trade name: HOSTANOX 03, a product of Nippon Hoechst KK) as the 
phenol stabilizer and 0.1 part by weight of bis(2,6-di-t-butyl-4-methylphenyl)pentaerythritol diphosphate 
(trade name: MARK PEP-36, a product of Adeka Argus Kagaku KK) as the organic phosphite stabilizer were 
used to obtain a fiber having molecular orientation. The aforementioned measurements were made. 

The results are shown in Table 2. 



Example 16 

The procedure of Example 11 was repeated except that 0.1 part by weigjj^of bis[3,5-bis(4-hydroxy-3-t- 
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butylphenyl)butyric acid] glycol ester (trade name: HOSTANOX 03, a product of Nippon Hoechst KK) as the 
phenol stabilizer, 0.1 part by weight of bts(2,6-di-t-butyl-4-methylphenyl)pentaerythritol diphosphate (trade 
name:MARK PEP-36, a product of Adeka Argus Kagaku KK) as the organic phosphite stabilizer and further 
0.3 parts by weight of calcium stearate (a product of sankyo Yuki KK) as the metal salt of the higher fatty 
s acid were used to obtain a fiber having molecular orientation, the aforementioned measurements were 
made. • . 

The results are shown in Table 2. 



w Example 17 

The procedure of Example 11 was repeated except that 0.1 part by weight of N,N'-bis[3,5-di-t-4- 
hydroxyphenyl)propionyllhydrazine (trade name:IRGANOX MD 1024, a product of Nippon Ciba-Geigy KK) 
as the phenol stabilizer and 0.1 part by weight of bis(2,6-di-t-butyl-4-methylphenyl)pentaerythritol 
is diphosphite (trade nametMARK PEP-36, a product of Adeka Argus Kagaku KK) as the organic phosphite 
stabilizer were used to obtain a fiber having molecular orientation. The aforementioned measurements were 
made. 

The results are shown in Table 2. 

20 

Example 18 

The procedure of Example 11 was repeated except that 0.1 part by weight of N,N'*bis[3,5-di-t-butyl-4- 
hydroxyphenyl)propionyl]hydrazine (trade name:!RGANOX MD 1024, a product of Nippon Ciba-Geigy KK) 
as as the phenolic stabilizer. 0.1 part by weight of bis(2,6-di-t-butyl-4-methylphenyl)pentaerythritol diphosphite 
(trade name: MARK PEP-36, a product of Adeka Argus KK) as the organic phosphite stabilizer and further 
0.3 parts by weight of calcium stearate (a product of Sankyo Yuki KK) as the metal salt of the higher fatty 
acid were used to obtain a fiber having molecular orientation. 
The results are shown in Table 2. 

30 

Example 19 

The procedure of Example 11 was repeated except that 0.1 part by weight of 2,2'-oxamidobis[ethy!-3- 
35 (3.5-di-t-butyl-4-hydroxyphenyl) propionate] (trade name: NAUGARD XL-1, a product of Uniroyai) and 0.1 
part by weight of tetrakis(2,4-di-t-butylphenyi)-4.4' -biphenylenediphenyl phosphonite (trade name: SAN- 
DOSTAB P-EPQ, a product of Sandoz, Ltd.) as the organic phosphite stabilizer were used to obtain a fiber 
having molecular orientation. The aforementioned measurements were made. 
The results are shown in Table 2. 

40 

Example 20 

The procedure of Example 11 was repeated except that 0.1 part by weight of 2,2-oxamidobis[ethyl-3- 
45 (3,5-t-butyl-4-hydroxyphenyl)propionate] (trade name: NAUGARD XL-1. a product of Uniroyai) as the phenol 
stabilizer, 0.1 part by weight of tetrakis(2,4-di-t-butylphenylH.4'-biphenylene-diphenyl phosphonite (trade 
name: SANDOSTAB P-EPQ, a product of Sandoz Ltd.) as the organic phosphite stabilizer and further 0.3 
parts by weight of calcium stearate (a product of Sankyo Yuki KK) as the metal salt of the higher fatty acid 
were used to obtain a fiber having molecular orientation. The aforementioned measurements were con- 
50 ducted. 

The results are shown in Table 2. The test results of Comparative Example 1 are also shown in Table 2 
for the purpose of comparison. 
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Table 2 



5 



Example 


intrinsic 


Tensile 


Tensile 


Tensile 




viscosity 


modulus 


strength 


elongation 




tdl/g] 


[SPa] 


[GPaJ 


[%] 


11 


8.33 


90 


2.53 


4.32 


12 


8.35 


90 


2.54 


4.32 


13 


8.28 


89 


. 2.51 


4.32 


14 


8.30 


91 


2.52 


4.35 


15 


8.31 


89 


2.53 


4.28 


16 


8.33 


88 


2.55 


4.31 


17 


8.26 


89 


2.48 


4.31 


18 


8.28 


90 


2.49 


4.33 


19 


8.30 


89 


2.48 


4.29 


20 


8.31 


88 


2.50 


4.30 


Com. Ex.1 


6.54 


85 


2.05 


2.15 



20 It can be understood from Table 2 that the ultra-high-molecular-weight polyethylene compositions 
containing the above-mentioned stabilizers give fibers having molecular orientation, which scarcely cause 
lowering in intrinisic viscosity due to molding and have good tensile characteristics. 



25 Example 21 

0.1 part by weight of tetrakis[methylene-3-(2 1 5-di-t-butyl-4-hydroxyphenyi) propionate]methane (trade 
name: IRGANOX 1010, a product of Nippon Ciba-Geigy) as the phenol stabilizer and 0.1 part by weight of 
dilauryl thiodi propionate (trade name: Antiox U a product of Nippon Oils & Fats Co., Ltd.) as the organic 

30 thioether stabilizer were blended with a mixture of 20 parts by weight of ultra-high-molecular-weight 
polyethylene (intrinisic viscosity [773 = 8.94 dl.g as measured in decalin at 135°C) powder and 80 parts by 
weight of paraffin wax (melting point 69°C, trade name: Luvax, a product of Nippon Seiro KK) as the 
diluent. In the same as in Example 1 , a fiber having molecular orientation was produced from the resulting 
mixture. Various physical properties were measured. 

as The results are shown in Table 3. 



Example 22 

ao The procedure of Example 21 was repeated except that 0.1 part by weight of tetrakis[methylene-3-(3,5- 
di-t-butyl-4-hydroxyphenyl) propionate]methane (trade name: IRGANOX 1010, a product of Nippon Ciba- 
Geigy) as the phenol stabilizer, 0.1 part by weight of dilagryl thiodi propionate (trade name: Antiox U a 
product of Nippon Oils & Fats Co., Ltd.) as the organic thioether stabilizer and further 0.3 parts by weight of 
calcium stearate (a product of Sankyo Yuki KK) as the metal salt of the higher fatty acid were used to obtain 

45 a fiber having molecular orientation. The aforementioned measurements were made. 
The results are shown in Table 3. 



Example 23 

so 

The procedure of Example 21 was repeated except that 0.2 parts by weight of a 50:50 mixture (trade 
name: IRGANOX 1425 WL, a product of Nippon Ciba-Geigy) of bis(3,5-di-t-butyl-4-hydroxybenzyl- 
phosphonic acid ethyl ester) calcium and polyethylene wax as the phenol stabilizer and 0.1 part by weight 
of distearyi thiodi propionate (trade name: OSTP(YOSHlTOMI), a product of Yoshitomi pharmaceutical 
55 Industries, Ltd.) as the organic thioether stabilizer were used to obtain a fiber having molecular orientation. 
The aforementioned measurements were made. 
The results are shown in Table 3. 
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" Example 24 

The procedure of Example 21 was repeated except that 0.2 parts by weight of a 50:50 mixture (trade 
name- IRGANOX 1425 WL, a product of Nippon Ciba-Geigy) of bis(3,5-di-t-butyl-4-hydroxybenzyl- 

s phosphonic acid ethyl ester) calcium and polyethylene wax as. the phenol stabilizer. 0.1 part by weight of 
distearyl thiodipropionate (trade name: DSTP(YOSHITOMI), a product of Yoshitomi Pharmaceutical Indus- 
tries Ltd ) as the organic thioether stabilizer and further 0.3 parts by weight of calcium stearate ( a product 
of Sankyo Yuki KK) as the metal salt of the higher fatty acid were used to obtain a fiber having molecular 
orientation. The aforementioned measurements were made. 

io The results are shown in Table 3. 



Example 25 

,s The procedure of Example 21 was repeated except tht 0.1 part by weight of bis[3.5-bis(4-hydroxy-3-t- 
butylphenyObutyric acid]glycol ester (trade name: HOSTANOX 03 a product of Nippon 
phenol stabilizer and 0.1 part by weight of lauryl stearyl thiodipropionate (trade name: LSTP(YOSHITOMI), a 
product of Yoshitomi pharmaceutical Industries. Ltd.) as the organic thioether stabilizer were used to obtain 
a fiber having molecular orientation. The aforementioned measurements were made. 

20 The results are shown in table 3. 



25 



Example 26 



30 



The procedure of Example 21 was repeated except that 0.1 part by weight of Ws[3.5*is(4^ydroxy-3-t- 
buty«phenyl)butyric acid] glycol ester (trade name: HOSTANOX 03. a product of Nippon ^ « the 
phenol stabilizer. 0.1 part by weight of lauryl stearyl thidipropionate (trade name: LSTP(YOSHITOMI) a 
product of Yoshitomi Pharmaceutical Industries, Ltd.) as the organic thioether stabilizer and 0.3 parts by 
weight of calcium stearate (a product of Sankyo Yuki KK) as the metal salt of the higher fatty ac.d were 
used to obtain a fiber having molecular orientation. The aforementioned measurements were made. 

The results are shown in Table 3. 



35 



40 



Example 27 



The procedure of Example 21 was repeated except that 0.1 part by weight of tetraMs[methylene-3-<3.5- 
di-t-butyl-4^hydroxyphenyl)propionate]methane (trade name: IRGANOX 1010. product of Nippon C«ba-Ge«gy 
KK) aV the phenol stabilizer and 0.1 part by weight of pentaerythrityl-tetra-^mercaptolauryl prop.onate 
(trade name.Seenox 41 2S. a product of Shipuro Kasei KK) as the organic thioether stabilizer were used to 
obtain a fiber having molecular orientation. The aforementioned measurements were made. 

The results are shown in Table 3. 



45 



Example 28 

The procedure of Example 21 was repeated except that 0.1 part by weight of tetrakis(methylene-3-(3.5- 
t-butyl-4-hydroxyphenyl)propionate]methane (trade name: IRGANOX 1010. a product of Nippon C'ba-Geigy) 
as the phenol stabilizer. 0.1 part by weight of pentaerythrityltetra-0-mercaptolauryl propionate (trade name 
Seenox 41 2S. a product of Shipuro Kasei KK) as the organic thioether stabilizer and further 0.3 parts by 
50 weight of calcium stearate (a product of Sankyo Yuki KK) as the metal salt of the higher fatty acid were 
used to obtain a fiber having molecular orientation. The aforementioned measurements were conducted. 
The results are shown in Table 3. 



55 Example 29 



The procedure of Example 21 was repeated except that 0.1 part by weight of 2,2'-oxamidobis[ethyl-3- 
(3.5-di-t-butyl-4-hydroxyphenyl)propionate] (trade name:NAUGARO XL-1. a product of Uniroyal) as the 
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phenol stabilizer and 0.1 part by weight of distearyl thiodipropionate (trade name: DSTP(Y0SHITOMI), a 
product of Yoshrtomi Pharmaceutical Industries Ltd.) as the organic thioether stabilizer were used to obtain 
a fiber having molecular orientation. The aforementioned measurements were made. 
The results are shown in Table 3. 



Example 30 

The procedure of Example 21 was repeated except that 0.1 part by weight of 2,2'-oxamido[ethyl-3-(3,5- 
io di-t-butyl-4-hydroxyphenyl)propionate] (trade name: N AUG ARD XL-1, a product of Uniroyal) as the phenol 
stabilizer, 0.1 part by weight of distearyl thiodipropionate (trade name: DSTP(YOSHITOMI), a product of 
Yoshitomi Pharmaceutical Industries Ltd.) as the organic thioether stabilizer and further 0.3 parts by weight 
of calcium stearate (a product of Sankyo Yuki KK) as the metal salt of the higher fatty acid were used to 
obtain a fiber having molecular orientation. The aforementioned measurements were made. 
75 The results are shown in Table 3. The results of Comprative Example 1 are also shown in Table 3 for 
the purpose comparison. 



Table 3 



20 



25 



30 



35 



Example 


Intrinsic 


Tensile 


Tensile 


Tensile 




viscosity 


modulus 


strength 


elongation 




[dl/g] 


[GPa] 


[GPa] 


[%] 


21 


8.28 


91 


2.48 


4.33 


22 


8.30 


90 


2.51 


4.35 


23 


8.31 


92 


2.50 


4.26 


24 


8.32 


91 


2.52 


4.28 


25 


8.29 


90 


2.52 


4.27 


26 


8.29 


92 


2.53 


4.29 


27 


8.31 


90 


2.47 


4.35 


28 


8.33 


91 


2.49 


4.38 


29 


8.29 


89 


2.46 


4.28 


30 


8.31 


89 


2.48 


4.30 


Com. Ex.1 


6.54 


85 


2.05 


2.15 



It can be understood from Table that the ultra-high-molecuiar- weight polyethylene compositions contain- 
ing the above-mentioned stabilizers give fibers having molecular orientation, which scarcely cause lowering 
in intrinisic viscosity fo] due to molding and have good tensile characteristics. 

40 

Example 31 



0.1 part by weight of tetrakis[methylene-3-(3-5-di-t-butyl-4-hydroxyphenyl) propionate]methane (trade 
45 name: IRGANOX 1010, a product of Nippon Ciba-Geigy KK) as the phenol stabilizer and 0.1 part by weight 
of bis(2.2,6,6-tetramethyl-4-piperidyl) sebacate (trade name: SANOL 770, a product of Sankyo Co., Ltd.) as 
the hindered amine stabilizer were blended with a mixture of 20 parts by weight of ultra-high-molecular- 
weight polyethylene (intrinsic viscosity M = 8.94 dl/g as measured in decalin at 135°C) powder and 80 parts 
by weight of paraffin wax (melting point 69°C, trade name:Luvax, a product of Nippon Seiro KK) as the 
so diluent. In the same way as in Example 1, a fiber having molecular orientation was produced from the 
resulting mixture. Various physical properties were measured. 
The results are shown in Table 2. 



55 Example 32 



The procedure of Example 31 was repeated except that 0.1 part by weight of tatrakis[methylene-3-(3,5- 
t-butyh4-hydroxyphenyl)propionate]methane (trade name: IRGANOX 1010. a product of Nippon Ciba-Geigy 

18 
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KK) as the phenol stabilizer. 0.1 part by weight of bis(2,2,6.6-tetramethyl-4-piperidyl)sebacate (trade 
name:SANOL 770, a product of Sankyo Co.. Ltd.) as the hindered amine stabilizer and further 0.3 parts by 
weight of calcium stearate (a product of Sankyo Yuki KK) as the metal salt of the higher fatty acid were 
used to obtain a fiber having molecular orientation. The aforementioned measurements were made. 
5 The results are shown in Table 4. 

Example 33 

jo The procedure of Example 31 was repeated except that 0.2 parts by weight of a 50:50 mixture (trade 
name: IRGANOX 1425WU a product of Nippon Ciba-Geigy KK) of bis (3.5-di-t-butyl-4-hydroxybenzyl- 
phosphonic acid ethyl ester) calcium and polyethylene wax as the phenol stabilizer and 0.1 part by weight 
of dimethyl succinate-1-(2-hydroxyethyl)-4-hydroxy-2.2,6.S-tetramethyl-piperidine polycondensate (trade 
name: Chimassorb 622LD. a product of Nippon Ciba-Geigy KK) as the hindered amine stabilizer were used 

is to obtain a fiber having molecular orientation. The aforementioned measurements were made. 
The results are shown in Table 4. 

Example 34 

20 

The procedure of Example 31 was repeated except that 0.2 parts by weight of a 50:50 mixture (trade 
name: IRGANOX 1425 WL. a product of Nippon Ciba-Geigy KK) of bis(3.5-di-t-butyl-4-butyl-4-hydroxyben- 
zylphosphonic acid ethyl ester) calcium and polyethylene wax as the phenol stabilizer, 0.1 part by weight of 
dimethyl succinater1-(2-hydroxyethyl)-4-hydroxy-2,2,6,6-tetramethylpiperidine polycondensate (trade name: 
25 Chimassorb 622LD, manufactured by Nippon Ciba-Geigy KK) as the hindered amine stabilizer and further 
0 3 parts by weight of calcium stearate (a product of Sankyo Yuki KK) as the metal saJt of the higher fatty 
acid were used to obtain a fiber having molecular orientation. The aforementioned measurements were 
made. 

The results are shown in Table 4. 

30 

Example 35 

The procedure of Example 31 was repeated except that 0.1 part by weight of bis[3,5-bis(4-hydroxy-3-t- 
35 butylphenyl)butyric acid] glycol ester (trade name: HOSTANOX 03, a product of Nippon Hoechst KK) as the 
phenol stabilizer and 0.1 part by weight of poly[[6-(1.1,3.3,-tetramethylbutyl)-imino-1.3.5-triazine-2-4-diyn[- 
(2 2 6 6-tetramethyl-4-piperdiyl)imino] hexame*ylene[(2^.6,6-tetramethyl-4-piperidyl)imino]] (trade name: 
Chimassorb 944LD, a product of Nippon Ciba- Geigy KK) as the hindered amine stabilizer were used to 
obtain a fiber having molecular orientation. The aforementioned measurements were made. 
40 The results are shown in Table 4. 

Example 36 

45 The procedure of Example 31 was repeated exept that 0.1 part by weight of bis (3,5-bis(4-hydroxy-3-t- 
butylphenyl)butyric acidl glycol ester (trade name: HOSTANOX 03. a product of Nippon Hoechst KK) as the 
phenol stabilizer, 0.1 part by weight of poly[[6-(1 .1 .3.3-tetramethylbutyl)-imino-1 ,3.5-triazine-2-4-d.yll[- 
(2,2,6,6-tetramethyl-4-piperidyl)imino] hexamethylene[(2,2,6,6-tetramethyl-4-piperidyl)iminoI| (trade name: 
Chimassorb 944LD. a product of Nippon Ciba-Geigy KK) as the hindered amine stabilizer and further 0.3 

so parts by weight of calcium stearate (a product of Sankyo Yuki KK) as the metal salt of the higher fatty acid 
were used to obtain a fiber having molecular orientation. The aforementioned measurements were made. 
The results are shown in Table 4. 

55 Example 37 

The procedure of Example 31 was repeated except that 0.1 part by weight of N.N'-bis[(3.5-di-t-butyl-4- 
hydroxyphenyl) propionyl] hydrazine (trade name: IRGANOX MD1024. a product of Nippon Ciba-Geigy KK) 

19 
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as the phenol stabilizer and 0.1 part by weight of tetrakis(2,2,6,6-tetramethyi-4-piperidyl)-1, 2,3,4- 
butanetetracarboxylate (trade name:MARK LA-57, a product of Adeka Argus Kagaku KK) as the hindered 
amine stabilizer were used to obtain a fiber having molecular orientation. The aforementioned measure- 
ments were made. 
5 The results are shown In Table 4. 



Example 38 

70 The procedure of Example 31 was repeated except that 0.1 part by weight of N.N'-bis [3,5-di-t-butyi-4- 
hydroxyphenyl)propionyl] hydrazine (trade name: IRGANOX MD1024, a product of Nippon Ciba-Geigy KK) 
as the phenol stabilizer, 0.1 part by weight of tetrakis(2 t 2 f 6,6-tetramethyl-4-piperidyi)-1 t 2,3 l 4-butanetetracar- 
boxylate (trade name: MARK LA-57, a product of Adeka Argus Kagaku KK) as the hindered amine stabilizer 
and further 0.3 parts by weight of calcium stearate (a product of Sankyo YuW KK) as the metal salt of the 

75 higher fatty acid were used to obtain a fiber having molecular orientation. The aforementioned measure- 
ments were made. 

The results are shown in Table 4. 



20 Example 39 

The procedure of Example 31 was repeated except that 0.1 part by weight of tetrakis[methylene-3-(3,5- 
di-t-butyl-4-hydroxyphenyl)propionate]methane (trade name: IRGANOX 1010, a product of Nippon Ciba- 
Geigy KK) as the phenol stabilizer and 0.1 part by weight of dimethyl succinate -1- (2-hydroxyethyl)-4- 
25 hydroxy-2,2,6 f 6-tetramethylpiperidine polycondensate (trade name: Chimassorb 622LD, a product of Nippon 
Ciba-Geigy KK) as the hindered amine stabilizer were used to obtain a fiber having molecular orientation. 
The aforementioned measurements were made. 

The results are shown in Table 4. 

30 

Example 40 

The procedure of Example 31 was repeated except that 0.1 part by weight of tetrakis[methylene-3-(3,5- 
di-t-butyl-4-hydroxyphenyl)propionate] methane (trade name: IRGANOX 1010, a product of Nippon Ciba- 

35 Geigy KK) as the phenol stabilizer, 0.1 part by weight of dimethyl succinate-1-(2-hydroxyethyl)-4-hydroxy- 
2,2,6,6-tetramethylpiperidine polycondensate (trade name: Chimassorb 622LD, a product of Nippon Ciba- 
Geigy KK) as the hindered amine stabilizer and further 0.3 parts by weight of calcium stearate (a product of 
Sankyo Yuki KK) as the metal salt of the higher fatty acid were used to obtain a fiber having molecular 
orientation. The aforementioned measurements were made. 

40 The results are shown in Table 4. The results of Comprative Example 1 were also shown in Table 4 for 
the purpose of comparison. 



45 



50 



55 
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•Table 4 



Example 


Intrinsic 


1 QUsllo 


t \3l IOI Iw 


Tensile 


viscosity 


moouius 


strenoth 


filonoation 

oiwi iumuwi ■ 




[di/g] 


LCai^aj 






31 


8.21 


89 


2.49 


4.23 


32 


8.24 


90 


2.50 




33 


8.19 


90 


2.46 


4.29 


34 


8.20 


91 


2.48 


4.31 


35 


8.20 


90 


2.47 


4.26 


36 


8.22 


89 


2.49 


4.28 


37 


8.23 


88 


2.50 


4.28 


38 


8.25 


89 


! 2.51 


4.30 


39 


8.22 


90 


2.45 


4.23 


40 


8.24 


91 


2.46 


4.25 


Com. Ex.1 


6.54 


85 


2.05 


2.15 



It can be understood from Table 4 that the ultra-high-molecular-weight polyethylene compositions 
containing the above-mentioned stabilizers give fibers having molecular orientation, which scarcely cause 
lowering in intrinsic viscosity fo] due to molding and have good tensile characteristics. 



Example 41 

01 part by weight of tetrakis [memylene-3-(3,5-di-t-butyM-hydroxyphenyl) propionate]methane (trade 
name- IRGANOX 1010, a product of Nippon Ciba-Geigy KK) as the phenol stabilizer . 0.1 part by weight of 
tris (2.4-di-t-butylphenyl) phosphite (trade name: PHOSPHITE 168) as the organic phosphite stabilizer and 
0 1 part by weight of bis (2,2.6,6-tetramethyl-4-piperidyl) sebacate (trade name: SANOL 770, a product of 
Sankyo Co.. Ltd.) as the hindered amine stabilizer were blended with a mixture of 20 parts by weight of 
ultra-high-molecular-weight polyethylene (intrinsic viscosity [„] = 8.94 dl/g as measured in decalm at 135 C) 
powder and 80 parts by weight of paraffin wax (melting point 69°C. trade name: Luvax, a product of Nippon 
Seiro KK) as the diluent. In the same way as in Example 1, the mixture was melt-spun and a fiber having 
molecular orientation was produced. Various physical properties were measured. 

The results are shown in Table 5. 



Example 42 

The procedure of Example 41 was repeated except that 0.1 part by weight of tetrakis [methylene-3-(3,5- 
di-t-buty|-4-hydroxyphenyl) propionatej-methane (trade name: IRGANOX 1010. a product of Nippon Ciba- 
Geigy KK) as the phenol stabilizer. 0.1 part by weight of tris (2.4-dl-t-butylphenyl) phosphite (trade name: 
PHOSPHITE 168. a product of Nippon Ciba-Geigy KK) as the organic phosphite stabilizer. 0.1 part by 
weight of bis (2.2.6.6-tetramethyl-4-piperidyl) sebacate (trade name: SANOL 770. a product of Sankyo Co.. 
Ltd) as the hindered amine stabilizer and further 0.3 parts by weight of calcium stearate (a product of 
Sankyo Yuki KK) as the metal salt of the higher fatty acid were used to obtain a fiber having molecular 
orientation. The aforementioned measurements were made. 

The results are shown in Table 5. 

Example 43 

The procedure of Example 41 was repeated except that 0.2 parts by weight of a 50:50 mixture (trade 
name- IRGANOX 1425WL. a product of Nippon Ciba-Geigy KK) of bi(3,5-di-t-butyl-4-hydroxybenzyl- 
phosphonic acid ethyl ester) calcium and polyethylene wax as the phenol stabilizer. 0.1 part by weight of 
tris (2, 4-di-t-butylphenyl) phosphite (trade name: PHOSPHITE 168. a product of Nippon Ciba-Ge.gy KK) as 
the organic phosphite stabilizer and 0.1 part by weight of dimethyl succinate-1-(2-hydroxyethyl)-4-hydroxy- 
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2,2,6,6-tetramethylpiperidine polycondensate (trade name: Chimasorb 622LD, a product of Nippon Ciba- 
Geigy KK) as the hindered amine stabilizer were used to obtain a fiber having molecular orientation. The 
aforementioned measurement were made. 
The results are shown in Table 5. 



Example 44 

The procedure of Example 41 was repeated except that 0.2 parts by weight of a 50:50 mixture (trade 
name: IRGANOX 142WL, a product of Nippon Ciba-Geigy KK) of bis (3,5-di-t-butyl-4-hydroxybenzyl- 
phosphonic acid ethyl ester) calcium and polyethylene wax as the phenol stabilizer, 0.1 part by weight of 
tris (2.4-di-t-butyiphenyl) phosphite (trade name: PHOSPHITE 168, a product of Nippon Ciba-Geigy KK) as 
the organic phosphite stabilizer, 0.1 part by weight of dimethyl succinate-1-(2-hydroxyethylH-hydroxy- 
2,2,6,6-tetramethylpiperidine polycondensate (trade name: Chimassorb 622LD, a product of Nippon Ciba- 
Geigy KK) as the hindered amine stabilizer and further 0.3 parts by weight of calcium stearate (a product of 
Sanko Yuki KK) as the metal salt of the higher fatty acid were used to obtain a fiber having molecular 
orientation. The aforementioned measurements were made. 

The results are shown in Table 5. 



Example 45 

The procedure of Exgrnple 41 was repeated except that 0.1 part by weight of bis[3,5-bis(4-hydroxy-3-t- 
butylphenyl)butyric acid] glycol ester (trade mark: HOSTANOX 03, a product of Nippon Hoechst KK) as the 
phenol stabilizer, 0.1 part by weight of bis (2,6-dR-butyl-4-methylphenyl)pentaerythritol diphosphite (trade 
name: MARK PEP36, a product of Adeka Argus KK) as the organic phosphite stabilizer and 0.1 part by 
weight of poly[[6-(1 ,1 f 3.3-tetramethylbutyi)imino-1 ,3,5-triazine-2-4-diyi][2v2,6,6-tetramethyl-4-4piperidyl)- 
imino]hexamethylene [(2.2,6.6-tetramethyl-4-piperidyl)imino] (trade name: Chimassorb 944LD, a product of 
Nippon Ciba-Geigy KK) as the hindered amine stabilizer were used to obtain a fiber having molecular 
orientation. The aforementioned measurements were made. 

The results are shown in Table 5. 



Example 46 

The procedure of Example 41 was repeated except that 0.1 part by weight of bis [3,5-bis(4-hydroxy-3-t- 
butyiphenyl)butyric acid] glycol ester (trade name: HOSTANOX 03, a product of Nippon Hoechst KK) as the 
phenol stabilizer, 0.1 part by weight of bis(2,6-di-t-butyl-4-methylphenyl)pentaerylthritol diposphite (trade 
name: MARK PEP-36, a product of Adeka Argus Kagaku KK) as the organic phosphite stabilizer, 0.1 part by 
weight of poly[[6-(1 .1 ,3,3-tetramthylbutyl)imino-1 ,3,5-triazine-2-4-diyl][2,2 1 6,6-tetramethyl-4-piperidyl)imino]- 
hexamethylene [(2,2 f 6,6-tetramethyl-4-piperidyl)imino]] (trade name: Chimassorb 944LD, a product of Nip- 
pon Ciba-Geigy KK) as the hindered amine stabilizer and further 0.3 parts by weight of calcium stearate (a 
product of Sankyo Yuki KK) as the metal salt of the higher fatty acid were used to obtain a fiber having 
molecular orientation. The aforementioned measurements were made. 

The results are shown in Table 5. 



Example 47 

The procedure of Example 41 was repeated except that 0.1 part by weight of N,N'-bis[3,5-di-t-butyl-4- 
hydroxyphenyl)propionyl]hydrazine (trade name: IRGANOX MD1024, a product of Nippon Ciba Geigy KK) 
as the phenol stabilizer, 0.1 part by weight of bis (2 t 6-di-t-butyl-4-methyl)pentaerythritol diphosphite (trade 
name: MARK PEP-36, a product of Adeka Argus Kagaku KK) as the organic phosphite stabilizer and 0.1 
part by weight of tetrakis(2,2,6 t 6-tetramethyl-4-piperidyl)-1 ,2,3.4-butanetetracarboxylate (trade name: MARK 
LA-57, a product of Adeka Argus Kagaku KK) as the hindered amine stabilizer were used to obtain a fiber 
having molecular orientation. The aforementioned measurements were made. 

The results are shown in Table 5. 
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Example 48 

The procedure of Example 41 was repeated except that 0.1 part by weight of N N^bis[3.5-di-t-butyl-4- 
hydroxyphenyl)propionyl]hydrazine (trade name: IRGANOX MD1024. a product of N.ppon C.ba-Ge.gy KK) 
Z thfphenol stabilizeV. 0 1 part by weight of bls(2.6<IR-b^^ 

(trade name: MARK PEP-36. a product of Adeka Argus Kagaku KK) as the organ.c phosphite stabler 0.1 
part by weight of tetrakis(2.23.6-tetramethyl-4.piperid y IH.2.3.4-butanetetracarboxylate (trade name. MARK 
LA-57. a product of Adeka Argus Kagaku KK) as the hindered amine stabler and further 0.3 parts by 
weighi of calcium strearate (a product of Sankyo Yuki KK) as the metal salt of the h.gher fatty acd were 
used to obtain a fiber having molecular orientation. The aforementioned measurements were made. 
The results are shown irvTable 5. 



15 



20 



Example 49 

The procedure of Example 41 was repeated except that 0.1 part par by weight of tetrakis fmethylene.3- 
(3.5-di-t-buty.-4^ydroxy P heny.) propionate]methane (trade name: '^^ ^^H-^ttfohL^T 
Ciba-Geigy KK) as the phenol stabilizer. 0.1 part by weight of tetrakis 

biphenylenediphenyl phosphonite (trade name: SANDOSTAB P-EPQ. a product of Sa ndoz Ltd .as the 
organic phosphite stabilizer and 0.1 part by weight of bis (a^.o-tetramethyl-Jp.pendyl) sebactate trade 
name- SANOL 770. a product of Sankyo Co.. Ltd.) as the hindered amine stabH.zer were used to obtam a 
fiber having molecular orientation. The aforementioned measurements were made. 
The results are shown in Table 5. 



25 



30. 



35 



40 



Example SO 

The procedure of Example 41 was repeated except that 0.1 part by weight of tetraki s ^*y |en ^ 3 ;^- 
di-t-butyl-4-hydroxyphenyl) propionate]methane (trade name: IRGANOX 1010. a product of N.ppon C.ba- 
Geig KK) as the phenol stabilizer. 0.1 part by weight of tetrakis 2 .4 ; d,t-buty lpheny.)-4 4- 
biphenylenedipheny. phosphonite (trade name: SANDOSTAB P-EPQ a product of Saftdoz Udj> as the 
organic phosphite stabilizer. 0.1 part by weight of bis ^^^^^f^T^ Si 
SANOL 770 a product of Sankyo Co.. Ltd.) as the hindered amine stabler and further 0.3 parts by weight 
of Sum ste^a?e (a product of Sankyo Yuk KK) as the metal salt of the higher fatty acd were used to 
obtain a fiber having molecular orientation. The aforementioned measurements were made. 

The results are shown in Table 5. The results of comprative Example are also shown .n Table 5 for the 
purpose of comparison. 

Table 5 



45 



so 



55 



Example 


Intrinsic 
viscosity 
[dl/g] 


Tensile 
modulus 
[GPal 


Tensile 
strength 
[GPa] 


Tensile 
elongation 
[%] 


41 


8.33 


89 


2.51 


4.31 


42 


8.35 


90 


2.53 


4.33 


43 


8.36 


90 


2.56 


4.30 


44 


8.37 


91 


2.48 


4.31 


45 


8.32 


89 


2.50 


4.27 


46 


8.33 


89 


2.51 


4.29 


47 


8.29 


90 


2.54 


4.32 


48 


8.31 


91 


2.56 


4.35 


49 


8.36 


89 


2.54 


4.31 


50 


8.40 


90 


2.56 


4.35 


Com. Ex.1 


6.54 


85 


2.05 


2.15 



It can be understood from Table 5 that the ultra-high-molecular-weight polyethylene compositions 
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containing the above-mentioned stabilizers give tiers having molecular orientation, which scarcely cause 
lowering in intrinsic viscosity fo] due to molding and have good tensile characteristics. 



5 Example 51 

0.1 part by weight of tetrakis [methylene-3-(3,5-di-t-butyl-4-hydroxyphenyl) propionate]methane (trade 
name: IRGANOX 1010, a product of Nippon Ciba-Geigy KK) as the phenol stabilizer, 0.1 part by weight of 
dilauryl thiodipropionate (trade name: Antiox L, a product of Nippon Oils & Fats Co., Ltd.) as the organic 

10 thioether stabilizer and 0.1 part by weight of bis(2,2,6,6-tetramethyl-4-piperidyl) sebacate (trade name: 
SANOL 770, a product of Sankyo Co.,Ltd.) as the hindered amine stabilizer were blended with a mixture of 
20 parts by weight of ultra-high-molecular-weight polyethylene (intrinsic viscosity 8.94 dl/g as 

measured in decalin at 135 °C) powder and paraffin wax (melting point: 69°C, trade name: Luvax, a product 
of Nippon Seiro KK) as the diluent In the same way as in Example, 1 , the mixture was subjected to melt 

75 spinning to produce a fiber having molecular orientation. Various physical properties were measured. 
The results are shown in Table 6. 



Example 52 

20 

The procedure of Example 51 was repeated except that 0.1 part by weight of tatrakis [methylene-3-(3,5- 
di-t-butyl-4-hydroxyphenyf) propionate]methane (trade name: IRGANOX 1010, a product of Nippon Ciba- 
Geigy KK) as the phenol stabilizer, 0.1 part by eight of dilauryl thiodipropionate (trade name: Antiox L, a 
product of Nippon Oils & Fats Co., Ltd.) as the organic thioether stabilizer, 0.1 part by weight of bis (2,2,6,6- 
25 tetramethyl-4-piperidyl) sebacate (trade name: SANOL 770, a product of Sankyo Co., Ltd.) as the hindered 
amine stabilizer and further 0.3 parts by weight of calcium stearate (a product of Sankyo Yuki KK)as the 
metal saft of the higher fatty acid were used to obtain a fiber having molecular orientation. The 
aforementioned measurements were made. 

The results are shown in Table 6. 

30 

Example 53 

The procedure of Example 51 was repeated except that 0.2 parts by weight of a 50:50 mixture (trade 
35 name; IRGANOX 1425 WL. a product of Nippon Ciba-Geigy KK) of bis (3.5-di-t-butyl-4-hydroxybenzyl- 
phosphonic acid ethyl ester) calcium and polyethylene wax as the phenol stabilizer, 0.1 part distearyl 
thiodipropionate (trade name: DSTP. (YOSHIOTOMI) a product of Yoshitomi Pharmaceutical Industries Ltd.) 
as the organic thioether stabilizer and Q.1 part by weight of dimethyl succinate-1-(2-hydroxyethyl)-4- 
hydroxy-2,2,6,6-tetrarnethylpiperidine poly condensate (trade name: Chimassorb 622LD, a product of Nippon 
40 Ciba-Geigy KK) as the hindered amine stabilizer were used to obtain a fiber having molecular orientation. 
The aforementioned measurements were made. 
The results are shown in Table 6. 



45 Example 54 

"""" * 

The procedure of Example 51 was repeated except that 0.2 parts by weight of a 50:50 mixture (trade 
name: IRGANOX 1425WL, a product of Nippon Ciba-Geigy KK) of bis (3,5-di-t-butyl-4-hydroxybenzyl- 
phosphonic acid ethyl ester) calcium and polyethylene wax as the phenol stabilizer, 0.1 part by weight of 

so distearyl thiodipropionate (trade name: DSTP(YOSHITOMI), a product of Yoshitomi Pharmaceutical Indus- 
tries Ltd.) as the organic thioether stabilizer and 0.1 part by weight of dimethyl succinate-1-(2-hydroxyethyl)- 
4-hydroxy-2,2,6,6-tetramethyIpiperidine polycondensate (trade name: Chimassorb 622LD, a product of 
Nippon Ciba-Geigy KK) as the hindered amine stabilizer and further 0,3 parts by weight of calcium stearate 
(a product of Sankyo Yuki KK) as the metal salt of the higher fatty acid were used to obtain a fiber having 

55 molecular orientation. The aforementioned measurements were made. 
The results are shown in Table 6. 
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Example 55 

The procedure of Example 51 was repeated except that 0.1 part by weight of bis [3.5-bis(4-hydroxy-3-t- 
butylphenyDbutyric acid] glycol ester (trade name: HOSTANOX 03, a product or Nippon! ^eschst KK) as 
s the phenol stabilizer. 0.1 part by weight of lauryl stearyl thidipropionate (trade name: LSTP(YOSHITOMI), a 
product of Yoshitomi Pharmaceutical Industries Ltd.) as the organic thioe'ther stabilizer and 0.1 part by 
weight of poly([6-(1 .1 ,3.3-tetramethylbutyl)imino-1 > 3.5-triazine-2-4-diyi][(2.2.6.6-tetramethyl-4-pipendyl).m.no] 
hexamethylene[(2.2.6.6-tetramethyl-4-piperidyl)imino]] (trade name: Chimassorb 944LD. a product of Nippon 
Ciba-Geigy KK) as the hindered amine stabilizer were used to obtain a fiber having molecular onentat.on. 
w The aforementioned measurements were made. 
The results are shown in Table 6. 



Example 56 



rs 



The procedure of Example 51 was repeated except that 0.1 part by weight of bis[3,5-bis(4-hydroxy-3-t- 
butylphenyDbutyric acid] glycol ester (trade name: HOSTANOX 03. a product or Nippon Hoechst r^ as the 
phenol stabilizer. 0.1 part by weight of lauryl stearyl thiodipropionate (trade name: LSTP [YOSMITOMi]. a 
product of Yoshitomi Pharmaceutical Industries Ltd.) as the organic thioethr stabilizer. 0.1 part by weight of 
20 pol y r[6-(1.1.3.3-tetramethylbutyl)imino-1,3.S-W^^ 

hexamethylene [(2.2.6,6-tetramethyl-4-piperidyl)imino]] (trade name: Chimassorb 944LD. a product of Nip- 
P on Ciba-Geigy KK) as the hindered amine stabilizer and further 0.3 parts by weight of calcium stearate (a 
product of Sakyo Yuki KK) as the metal salt of the higher fatty acid were used to obtain a fiber having 
molecular orientation. The aforementioned measurements were made. 
25 The results are shown in Table 6. 

Example 57 

30 The procedure of Example 51 was repeated except that 0.1 part by weight of N.N'-bis P.5-di-M- 
hydroxyphenyl)propionyl]hydrazine (trade name: IRGANOX WD1024. a product or Nippon C.ba-Ge.gy KK) 
as the phenol stabilizer. 0.1 part by weight of pentaerythrityitetra-0-mercaptolauryl propionate (trade name: 
Seenox 41 2S a product of Shipuro Kasei KK) as the organic thioether stabilizer and 0.1 part by weight of 
tetrakis (2.2.6.6-tetramethyl-4-piperidyl)-1,2.3.4-butanetetracarboxylate (trade name: MARK LA-57. a product 

as of Adeka Argus Kagaku KK) as the hindered amine stabilizer were used to obtain a fiber having molecular 
orientation. The aforementioned measurements were made. 
The results are shown in Table 6. 

ao Example 58 

The procedure of Example 51 was repeated except that 0.1 part by weight of N.N'-bis t3 ; 5-di-t-butyl-4- 
hydroxyphenyl)propionyl]hydrazine (trade name: IRGANOX MD1024. a product or Nippon C.ba-Geigy KK) 
as the phenol stabilizer. 0.1 part by weight of pentaerythrityltefra-0-mercaptolauryl prop.onate {trade name: 
Seenox 41 2S. a product of Shipuro Kasei KK) as the organic thioether ^ stabilizer 0.1 part by weight of 
tetrakis (2.2.6,6-tetramethyl-4-piperidyl)-1.2.3.4-butanetetracarboxylate (trade name: MARK LA-57. a product 
of Adeka Argus Kagaku KK) as the hindered amine stabilizer and further 0.3 parts by weight of calcium 
stearate (a product of Sankyo Yuki KK) as the metal salt of the higher fatty acid were used to obtain a fiber 
having molecular orientation. The aforementioned measurements were made, 
so The results are shown in Table 6. 

Example 59 

The procedure of Example 51 was repeated except that 0.1 part by weight of 2.2'-oxamidobis(ethyl-3. 
(3.5-di-t-butyl-4-hydroxyphenyl)propionate] (trade name: NAUGARD XL-1. a product °; Uniroyal) as ^ the 
phenol stabilizer, 0.1 part by weight of dimyristyl thiodipropionate (trade name: DMTP(YOSHITOMO), a 
product of Yoshitomo Pharmaceutical Industries Ltd.) as the organic thioether stabilizer and 0.1 part by 



45 



55 



25 



EP 0 343 863 A2 



weight of dimethyl succinate-1-(2-hydroxyethyl)^hydroxy-2,2,63-tetramethylpiperidine polycondensate 
(trade name: Chimassorb 622LD, a product of Nippon Ciba-Geigy KK) as the hindered amine stabilizer were 
used to obtain a fiber having molecular orientation. The aforementioned measurements were made. 
The results are shown in Table 6. 



Example 60 

The procedure of Example 51 was repeated except that 0.1 part by weight of 2,2'-oxamidobis [ethyl-3- 
10 (3,5-di-t-butyl-4-hydroxyphenyl)propionate] (trade name: NAUGARD XL-1, a product of Uniroyal) as the 
phenol stabilizer, 0.1 part by weight of dimyristyl thiodipropionate (trade name: DMTP(YOSHlTOMI) t a 
product of Yoshitomi Pharmaceutical Industries Ltd.) as the organic thioether stabilizer. 0.1 part by weight of 
dimethyl succinate-IKS-hydroxyethyO-^hydroxy-a^^.S-tetramethyipiperidine polycondensate (trade name: 
Chimassorb 622LD, a product of Nippon Ciba-Geigy KK) as the hindered amine stabilizer and further 0.3 
75 parts by weight of calcium stearate (a product of Sankyo Yuki KK) as the metal salt of the higher fatty acid 
were used to obtain a fiber having molecular orientation. The aforementioned measurements were made. 

The results are shown in Table. 6. The results of Comparative Example 1 are also shown in Table 6 for 
the purpose of comparison. 

20 Table 6 
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30 



35 



Example 


Intrinsic 


Tensile 


Tensile 


Tensile 




viscosity 


modulus 


strength 


elongation 




[dl/g] 


[GPa] 


[GPa] 


[%] 


51 


8.30 


89 


2.49 


4.28 


52 


8.32 


90 


2.51 


4.29 


53 


8.29 


90 


2.50 


4.31 


54 


8.31 


91 


2.52 


4.32 


55 


8.31 


88 


2.47 


4.31 


56 


8.34 


89 


2.50 


4.33 


57 


8.28 


91 


2.51 


4.30 


58 


8.30 


91 


2.53 


4.31 


59 


8.32 


89 


2.49 


4.29 


60 


8.35 


90 


2.51 


4.30 


Com, Ex.1 


6.54 


85 


2.05 


2.15 



It can be understood from Table 6 that the ultra-high-molecular-weight polyolefin compositions contain- 
40 ing the above-mentioned stabilizers give fibers having molecular orientation, which scarcely cause lowering 
in intrnisic viscosity fo] due to molding and have good tensile characteristics. 



Example 61 

45 

0.1 part by weight of tris(2 f 4-di-t-butylphenyl) phosphite (trade name: PHOSPHITE 168, a product of 
Nippon Ciba-Geigy KK) as the organic phosphite stabilizer was blended with a mixture of 20 parts by 
weight of ultra-high-molecular-weight polyethylene (intrinsic viscosity [rj] = 8.94 dl/g as measured in decalin 
at 135°C) powder and 80 parts by weight of paraffin wax (melting poing: 69°C, trade name:Luvax, a product 
so of Nippon Seiro KK) as the diluent. In the same way as in Example 1, a fiber having molecular orientation 
was produced from the resulting mixture. Various physical properties were measured as in Example 1 , 

The results are shown in Table 7. 



55 Example 62 



The procedure of Example 61 was repeated except that 0.1 part by weight of tris(2,4-di-t-butylphenyl) 
phosphite (trade name:PHOSPHITE 168, a product of Nippon Ciba-Geigy^^ as the organic phosphite 

26 



10 
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stabilizer and further 0.3 parts by weight of calcium stearate (a product of Sankyo Yuki ^"^^J^ 
of higher fatty acid were used to obtain a fiber having molecular onentaiion. The aforement.oned 
measurements were made. 

The results are shown in Table 7. 

Example 63 

The procedure of Example 61 was repeated except that 0.1 part by weight of bis(2.4-di-t-butylphenyl) 
pentaeryttritoldiphosphite (trade namerULTRANOX 626. a product of Borg Warner as the organ.c phosphrte 
stabLerwas used to obtain a fiber having molecular orientation. The aforementioned measurements were 
made. 

The results are shown in Table 7. 
Example 64 

The procedure of Example 62 was repeated except that 0.1 part by weight of bis(2.4-di-t-butylphenyl) 
pentaervLtoldiphosphite (trade namerULTRANOX 626, a product of Borg Warner) as the organic 
x> phosphite stabilizer and further 0.3 parts by eight of calcium stearate (a product of Sankyo Yuk, KK> as the 
metaf salt of higher fatty acid were used to obtain a fiber having molecular onentaton. The aforemenfoned 
measurements were made. 

The results are shown in Table 7. 

25 

Example 65 

The procedure of Example 61 was repeated except that 0.1 part by weight of bis(2.4-di-t-butyl-4- 
methylpheny.)pentaerythritolrf,phosphite (trade name:MARK PEP-36. a product of Me ^.^.^^ 
ao as the organic phosphite stabilizer was used to obtain a fiber having molecular or.entat.on. The aforemen- 
tioned measurements were made. 

The results are shown in Table 7. 

35 Example 66 

The procedure of Example 61 was repeated except that 0.1 part by weight ^J^ 2 ^-^^ 
methylphenyl) pentaerythritoldiphosphite (trade name: MARK PEP-36, a product of Adeka Argus Kagaku 
STw S " organic phosphite stabilizer and further 0.3 parts by weight of calcium stearate (a product of 
Sankyo Yuk u5S as the metal salt of higher fatty acid were used to obtain a fiber hav,ng molecular 
orientation. The aforementioned measurements were made. 
The results are shown in Table 7. 



40 



4s Example 67 



The procedure of Example 61 was repeated except that 0,1 part by weight of trisnonylphenylphosph.te 
(trade n£ne: MARK 329, a product of Adeka Argus Kagaku KK) as the organic phosphrte stabilizer was 
used to obtain a fiber having molecular orientation. The aforementioned measurements were made, 
so The results are shown in Table 7. 



55 



Example 68 

The procedure of Example 61 was repeated except that 0.1 part by weight of trisnonylphenylphosphite 
(trade name- MARK 329. a product of Adeka Argus Kagaku KK) as the organic phosphrte S tab.i.zer and 
Ker oT parts Toy weight of ca>cium stearate (a product of Sankyo Yuki KK) as the metal salt of h.gher 
fatty acid were used to obtain a fiber having molecular orientation. The aforementioned measurements were 
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made. 

The results are shown in Table 7. 



5 Example 69 

The procedure of Example 61 was repeated except that 0.1 part by weight of tetrakis(2,4-di-t- 
butylphenyl)4,4 -biphenylenephosphonlte (trade name:SANDSTAB P-EPQ, a product of SANDOZ as the 
organic phosphite stabilizer was used to obtain a fiber having molecular orientation. The aforementioned 
70 measurements were made. 

The results are shown in Table 7. 



Example 70 

rs 

The procedure of example 61 was repeated except that 0.1 part by weight of tetrakis (2,4-di-t- 
butylphenyl) 4,4-biphenylenephosphonite (trade name: SANDOSTAB P-EPQ; a product of SANDOZ as the 
organic phosphite stabilizer and further 0.3 parts by weight of calcium stearate (a product of Sankyo Yuki 
KK) as the metal salt of higher fatty acid were used to obtain a fiber- having molecular orientation. The 
20 aforementioned measurements were made. 

The results are shown in Table 7. The test results of Comparative Example 1 are also shown in Table 2 
for the purpose of comparison. 

Table 7 

25 



30 



40 



Example 


Intrinsic 


Tensile 


Tensile 


Tensile 




viscosity 


modulus 


strength 


elongation 




[dl/g] 


[GPa] 


[GPa] 


[%] 


61 


8.10 


90 


2.49 


4.30 


62 


8.13 


88 


2.51 


4.32 


63 


8.09 


89 


2.47 


4.35 


64 


8.12 


90 


2.48 


4.37 


65 


8.10 


92 


2.50 


4.29 


66 


8.11 


91 


2.52 


4.32 


67 


8.10 


91 


2.46 


4.28 


68 


8.13 


90 


2.49 


4.32 


69 


8.12 


92 


2.48 


4.33 


70 


8.15 


91 


2.50 


4.35 


Com. Ex.1 


6.54 


85 


2.05 


2.15 



It can be understood from Table 7 that the uttra-high-molecular-weight polyethylene compositions 
containing the above-mentioned stabilizers give fibers having molecular orientation, which scarcely cause 
45 lowering in intrinisic viscosity [j?] due to molding and have good tensile characteristics. 



Example 71 

so 0.1 part by weight of bis (2,2,6.6-tetramethyl-4-piperidyl) sebacate (trade name: SANOL 770, a product 
of Sankyo Co., Ltd.) as the hindered amine stabilizer was blended with a mixture of 20 parts by weight of 
ultra-high-molecular-weight polyethylene (intrinisic viscocity fa] = 8.94 dl/g as measured in decalin at 135°C) 
powder and 80 parts by weight of paraffin wax (melting point 69°C, trade name:Luvax, a product of Nippon 
Seiro KK) as the diluent. In the same way as in Example 1, a fiber having molecular orientation was 

55 produced from the resulting mixture. Various physical properties were measured as in Example 1 . 
The results are shown in Table 8. 
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Example 72 

The procedure of example 71 was repeated except that 0.1 part by weight of bis (2,2.6.6-tetramethyl-4« 
piperidyl) sebacate (trade name: SANOL 770, a product of Sankyo Co., Ltd.) as the hindered amine 
stabilizer and further 0.3 parts by weight of calcium stearate (a product of Sankyo YuW KK) as the metal salt 
of higher fatty acid were used to obtain a fiber. having molecular orientation. The aforementioned 
measurements were made. 

The results are shown in Table 8. 



Example 7 3 

The procedure of Example 72 was repeated except that 0.1 part by weight of dimethyl su ccinate-1-(2- 
hydroxyethyl)-4-hydroxy-2.2.6,6-tetramethylpiperidine polycondensate (trade name: Chimassorb 622LD, a 
product of Nippon Ciba-Geigh KK) as the hindered amine stabilizer was used to obtain a fiber having 
molecular orientation. The aforementioned measurements were made. 

The results are shown in Table 8. 



20 Example 74 



25 



The procedure of Example 72 was repeated except that 0.1 part by weight of dimethyl succmat^1-(2- 
hydroxyethyiH.hydroxy-2.2,6,6-tetramethylpiperidine polycondensate (trade name: Chimassorb 622LD a 
product of Nippon Ciba-Geigy KK) as the hindered amine stabilizer and further 0.3 parts by weight of 
calcium stearate 91 product of Sankyo Yuki KK) as the metal salt of higher fatty acid were used to obtain a 
fiber having molecular orientation. The aforementioned measurements were made. 

The results are shown in Table 8. 



so Example 7 5 

The procedure of Example 71 was repeated except that 0.1 part by weight rtP^-^l'it 
tetramemylbutyl)imino-1.3,5-triazine-2-4-diy^ 

tetramethyl-4-piperidyl)imino]] (trade name: Chimassorb 944LD. a product of N.ppon Cba-Geigy KK) as the 
35 hindered amine stabilizer was used to obtain a fiber having molecular orientation. The aforementioned 
measurements were made. 

The results are shown in Table 8. 

40 Example 76 

The procedure of Example 71 was repeated except that 0.1 part by weight of Vf^Sfi^J^ 
tetramethylbutyl)imino-1.3.5-t^ 

tetramethyM-piperidyUimino]] (trade name: Chimassorb 944LD. a product of Nippon C.ba-<3e.gy -WQ .as the 
hindered amine stabilizer and further 0.3 parts by weight of calcium stearate (a product of Sankyo Yuk. KK) 
as the metal salt of higher fatty acid were used to obtain a fiber having molecular orientation. The 
aforementioned measurements were made. 
The results are shown in Table 8. 



45 



50 



55 



Example 77 



The procedure of Example 72 was repeated except that 0.1 part by weight of tetrakis (2.2,6.6- 
tetramethyl-4-piperidyl)-1.2.3.4-butanetetracarboxylate (trade name: MARK LA-57. a product of Adeka Argus 
Kagaku KK) as the hindered amine stabilizer was used to obtain a fiber having molecular onentabon. The 
aforementioned measurements were made. 

The results are shown in Table 8. 
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Example 78 

The procedure of Example 72 was repeated except that 0.1 part by weight of tetrakis (2,2,6,6- 
tetramethyl-4-piperidyi)-1 ,2,3,4-butanetetracarboxyiate (trade name: MARK LA-57, a product of Adeka Argus 
5 Kagaku KK) as the hindered amine stabilizer and further 0.3 parts by weight of calcium stearate (a product 
of Sankyo Yuki KK) as the metal salt of higher fatty acid were used to obtain a fiber having molecular 
orientation. The aforementioned measurements were made. 

The results are shown in Table 8. the test results of Comparative Example 1 are also shown in Table 8 
for the purpose of comparison. 

TO 

Table 8 
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Example 


Intrinsic 


Tensile 


Tensile 


Tensile 




viscosity 


modulus 


strength 


elongation 




[dl/g] 


[GPa] 


[GPa] 


[%] 


71 


7.89 


68 


2.41 


4.43 


72 


7.95 


89 


2.43 


4.15 


73 


7.83 


89 


2.45 


4.18 


74 


7.86 


90 


2.46 


4.21 


75 


7.84 


87 


2.38 


4.10 


76 


7.88 


88 


2.41 


4.12 


77 


7.72 


88 


2.45 


4.15 


78 


7.85 


89 


2.46 


4.18 


Com. Ex.1 


6.54 


85 


2.05 


2.15 



It can be understood from Table 8 that the ultra-high-molecular-weight polyethylene compositions 
containing the above-mentioned stabilizers give fibers having molecular orientation, which scarcely cause 
30 lowering in intrinsic viscosity [i?] due to molding and have good tensile characteristics. - 



Example 79 



35 0.1 part by weight of tris(2,4-di-t-butylphenyl) phosphite (trade name: PHOSPHITE 168, a product of 
Nippon Ciba-Geigy KK) as the organic phosphite stabilizer and 0.1 part by weight of bis(2,2 f 6,6-tetramethyl- 
4-piperidyi) sebacate (trade name:SANOL 770, a product of . Sankyo Co., Ltd.) were blended with a mixture 
of 20 parts by weight of ultra-high-molecular weight polyethylene (having an intrinsic viscosity fo] of 8.94 
dl/g as measured in decalin solvent at 135°C) powder and 80 parts by weight of paraffin wax (melting point 

40 69°C, trade name: Luvax, a product of Nippon Seiro KK) as the diluent The resulting mixture was melt-spun 
under the following conditions. 

The mixture was fed to a screw extruder (screw diameter: 25 mm, L/D-25, manufactured by 
Thermoplastic KK) and melt-kneaded at a temperature of 190°C. The melt-kneaded material was melt-spun 
through a spining die having an orifice diameter of 2 mm, said die being fixed to said extruder. The extruder 

45 was then taken off under such conditions that air gap was 180 cm and a draft ratio was 35. The extrudate 
was cooled in air to solidify it thus obtaining an unoriented fiber. 

The unoriented fiber was under the following conditions to obtain a fiber having molecular orientation. 
Three pairs of godet rolls were used and two-stage orientation was carried out. The heat transfer 
medium of the first orientation tank was n-decane and the temperature thereof was 110°C, and that of the 

so second orientation tank was triethylene glycol and the temperature thereof was 145°C. The effective length 
of each tank was 50 cm. In carrying out orientation, the revolution speed of the first godet rolls was 0.5/min 
and that of the third godet roils was 12.5/min (draw ratio: 25). The revolution speed of the second godet 
rolls was carefully chosen so that safety driving could be made. Almost all of the paraffin wax initially mixed 
with the ultra-high-molecular-weight polyethylene was extracted into n-decane during the course of orienta- 

55 tion. 

The resulting fiber having molecular orientation was washed with water and dried at room temperature 
under reduced pressure overnight and the intrinisic viscosity [17] and tensile characteristics thereof were 
determined. The measurements were made in the following manners. 
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Intrinsic viscosity [„]: Intrinsic viscosity of the resin constituting the fiber having molecular orientation as 
measured in decalin solvent at 135°C. 

Tensile characteristics: Modulus and tensile strength as tensile characteristics were measured at room 
temperature (23°C) by using DCS-50M type tensile testing machine manufactured by Shimazu Se.sakusho 
Ltd The length of the test sample between clamps was 100 mm and the rate of pulling was 100 mm/mm 
(100% partial strain rate). The modulus was initial modulus and calculated by using the gradient of tangent 
line. The sectional area of the fiber required for the calculation was determined from its weight and .ts 
density which was referred to as 0.960 g/cc. 

The results are shown in Table 9. 
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Example 80 

The procedure of Example 79 was repeated except that 0.1 part by weight of ttis(2.4-di-t-butylphenyl) 
,s phosphite (trade name:PHOSPHITE 168. a product of Nippon Ciba-Geigy KK) as the organ.cphosph.te 
stabilizer, and 0.1 part by weight of bis(2,2,6.6-tetramethyl-4-piperidyl) sebacate (trade name: SANOL 770, a 
product of Sankyo Co.. Ltd.) as the hindered amine stabilizer and. further 0.3 parts by weight of calcium 
stearate (a product of Sankyo Yuki KK) were used to obtain a fiber having molecular onentation. The 
aforementioned measurements were made. 
20 The results are shown in Table 9. 



Example 81 

25 The procedure of Example 79 was repeated except that 0.1 part by weight of tris(2.4-t-butylphenyl) 
phosphite (trade name-.PHOSHITE 168. a product of Nippon Ciba-Geigy KK) as the organic phosphrte 
stabilizer, and 0.1 part by weight of dimethyl succinate-1 -(2-hydroxyemyl)-4 : hydroxy-2.2 6.6-tetra- 
methylpiperidine polycondensate (trade name.Chimassorb 622LD. manufactured by Nippon Ciba-Ge.gy KK) 
as the hindered amine stabilizer were used to obtain a fiber having molecular onentation. The aforemen- 

30 tioned measurements were made. 

The results are shown in Table 9. 
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Example 82 

The procedure of Example 79 was repeated except that 0.1 part by weight of tris^R-butylphenyO 
phosphite (trade name:PHOSPHITE 168. a product of Nippon Ciba-Geigy KK) as ^ 
stabilizer. 0.1 part by weight of dimethyl succinate-1-<2-hydroxy^ 

piperidine polycondensate (trade name.Chimassorb 622LD. manufactured by Nippon Ciba-Ge.gy KK) as the 
hindered amine stabilizer and further 0.3 parts by weight of calcium stearate (a product of Sankyo Yuki KK) 
were used to obtain a fiber having molecular orientation. The aforementioned measurements were made. 
The results are shown in Table 9. 



45 Example 83 

The procedure of Example 79 was repeated except that 0.1 part by weight of bis(2.6-d>t-butyl-4- 
methylphenyOpentaerythritol diphosphite(trade name:MARK PEP-37. a product of Adeka Argus Kagaku KK) 
as the organic phosphite stabilizer and 0.1 part by weight of poly([6-(1 .1 .3.3-tetramethylbuty.) «rn.no- .3 5- 
triazine-2-4-diyl][2.2.6.6-tetramethyl-4-piperidyl)imino]hexamethylenet(2.2.6.6-tetrameth 
£ade name:Ch!massorb 944LD, a product of Nippon Ciba-Geigy KK) as the hindered am.ne stabilizer were 
used to obtain a fiber having molecular orientation. The aforementioned measurements were made. 
The results are shown in Table 9. 

Example 84- 

The procedure of Example 79 was repeated except that 0.1 part by weight of bis(2,6-di-t-butyl-4- 

31 
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methylphenyOpentaerythritoi diphosphite(trade name:MARK PEP-36, a product of Adeka Argus Kagaku KK) 
as the organic phosphite stabilizer, 0.1 part by weight of poly[[6-(1 ,1 ,3,3-tetramethytbutyl)imincM ,3,5- 
triazine-2-4^iyI][2,2,6,6-tetramethyi«4^ 

(trade name:Chimassorb 944LD, a product of Nippon Ciba-Geigy KK) as the hindered amine stabilizer and 
5 further 0.3 parts by weight of calcium stearate (a product of Sankyo Yuki KK) were used to obtain a fiber 
having molecular orientation. The aforementioned measurements were made. 
The results are shown in Table 9. 



io Example 85 

The procedure of Example 79 was repeated except that 0.1 part by weight of bis (2,6-di-t-butyl-4- 
methylphenyOpentaerythritoi diphosphite (trade name:MARK PEP-36, a product of Adeka Argus Kagaku KK) 
as the organic phosphite stabilizer and 0.1 part by weight of tetrakis(2,2,6,6-tetramethyl-4-piperidyl)-1 ,2 t 3,4~ 
rs butanetetracarboxyiate (trade name:MARK LA-57, a product of Adeka Argus Kagaku KK) are used to obtain 
a fiber having molecular orientation. The aforementioned measurements were made. 

The results are shown in Table 9. 



20 Example 86 

The procedure of Example 79 was repeated except that 0.1 part by weight of bis (2,6-di-t-butyl-4- 
methylphenyOpentaerythritoi" diphosphite (trade nameiMARK PEP-36, a product of Adeka Argus Kagaku KK) 
as the organic phosphite stabilizer and 0.1 part by weight of tetrakis(2 t 2 t 6,6-tetrarnethyl-4-piperidyl)-1 .2,3,4- 
25 butanetetracarboxyiate (trade name:MARK LA-57, a product of Adeka Argus Kagaku KK) and further 0.3 
parts by weight of calcium stearate (a product of Sankyo Yuki KK) were used to obtain- a fiber having 
molecular orientation. The aforementioned measurements were made. 

The results are shown in Table 9. 

30 

Example 87 

The procedure of Example 79 was repeated except that 0.1 part by weight of tetrakis(2,4-di-t- 
butylphenyl) 4,4'-biphenylenephosphonite (trade nam e : SAN DST AB P-EPQ, a product of SANDOZ) as the. 
35 organic phosphite stabilizer and 0.1 part by weight of bis(2«2,6,6-tetramethyl-4-piperidyl) sebacate (trade 
name: SANOL 770, a product of Sankyo Co., Ltd.) as the hindered amine stabilizer were used to obtain a 
fiber having molecular orientation. The aforementioned measurements were made. 

The results are shown in Table 9. 

40 

Example 88 

The procedure of Example 79 was repeated except that 0.1 part by weight of tetrakis(2,4-di-t- 
butylphenyl) 4,4'-biphenylenephosphonite (trade name: SAN DST AB P-EPQ, a product of SANDOZ) as the 
45 organic phosphite stabilizer 0.1 part by weight of bis(2,2.6,6-tetramethyl-4-piperidyl) sebacate (trade name: 
SANOL 770, a product of Sankyo Co.. Ltd.) as the hindered amine stabilizer and further 0.3 parts by weight 
of calcium stearate (a product of Sankyo Yuki KK) were used to obtain a fiber having molecular orientation. 
The aforementioned measurements were made. 

The results are shown in Table 9. The test results of Comparative Example 1 are also shown in Table 8 
so for the purpose of comparison. 




EP 0 343 863 A2 



Table 9 



Example 
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Tensile 
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Tensile 


viscosity 


modulus 
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plonaation 




[dl/g] 
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I /0 J 


79 


8.17 


89 


2.46 


4.20 


80 


8.19 
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■ 2.48 
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8.19 


90 


2.49 


4.23 


82 


8.21 


89 


2.50 


4.25 


83 


8.22 


91 


2.49 


4.28 ' 


84 


8.25 


90 


2.51 


4.31 
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8.23 


89 


2.50 


4.30 


8.27 


91 


2.51 


4.31 


87 


8.24 


90 


2.49 


4.28 


88 


8.28 


89 


2.51 


4.32 


Com. Ex.1 


6.54 


85 


2.05 


2.15 



Claims 

1. A composition comprising ... . r i ~* c ac\ 
3 to 60% b, weight of an uiaa-high-molaoular-walgM polyolalin having an mtnnsic vtscosity M of 5 to 40 

^TpaT St SSS £~ Oaaed on ,00 pans o y wa,g« 0, ft. tota, weigh, o, the 
ultra-high-molecular-weight polyolefin and the diluent K,„H nn inn 

2. A composition according to claim 1, which also comprises 0.005 to 5 parts by we.ght. based on 100 
parts by weight of the total weight of the ultra-hiah-molecular-weight polyolefin and the d uent o ' at \east 
one compound se.ected from an organic phosphite stabilizer, an organic thioether stabler, a tendered 
amine stabilizer and a metal salt of a higher fatty acid. 

3. A composition comprising ... ^ T i ~* c ac\ 
3 to 80% by weight of an ultra-high-molecular-weight polyolefin having an .ntnns.c vtscosrty M of 5 to 40 

d l/a as measured in decalin at 1 35 C; . ^w~i««« an r. 

97 to 20% by weight of a diluent, the weight percentages of ultra-high-moleculr-we.ght polyolefin and 

diluent being based on their total weight: and u„ w„h mnieniiar- 

0.005 to 5 P arts by weight based on 100 parts by weight of the total amount of the U ^J^^ 
weight polyolefin and the diluent, of at least one compound selected from an orgamc phosphrte stabler 

^ ITSXTSSS * c.aim 3 which also comprises 0.005 to 5 

of a higher fatty acid based on 100 parts by weight of the total we.ght of the ultra-h.gh-molecular-we.ght 
^^^SSZ^ to any one of the preceding claims wherein the uitra-high-molecular-weight 
oolvolefin is ultra-high-molecular-weight polyethylene. 

6 A composition according to any one of the preceding claims herein the d.luent .s paraffin wax 

7. A composition according to any one of the preceding ^^^^ZTL l,^ 
molecular-weight polyolefin is 15 to 60% by weight and the amount of d.luent <s 85 to 40% by weight 

8. Molded articles of a composition as claimed in any one of the preceding claims. 
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© The ultra-high-molecular-weight polyolefin com- 
positions of the present invention contain an ultra- 
high-molecular-weight polyolefin, a diluent and a 
phenolic stabilizer in a specific ratio. The composi- 
tions may further contain at least one compound 
selected from the group consisting of an organic 
phosphite stabilizer, an organic thioether stabilizer, a 
hindered amine stabilizer and a metal salt of a 
higher fatty acid. 

The compositions are excellent in heat stability 
during molding as well as in long-term heat stability 
so that they are suitable for use in producing molded 
articles having molecular orientation, which have 
high tensile strength and high tensile modulus. 
Among them, the compositions containing the hin- 
dered amine stabilizer are excellent in weather resis- 
tance in particular. 
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